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S U P M R Y  
This study e f f o r t  has examined new mission concepts and technology 
advancements t h a t  can be used i n  the explora t ion  of the  Outer P lane t  
s a t e l l i t e s .  T i t an ,  the  seventh s a t e l l i t e  of Sa turn  was se l ec t ed  a s  t he  
t a r g e t  o f  i n t e r e s t .  Science ob jec t ives  f o r  T i t an  explora t ion  were 
i d e n t i f i e d  and recommended sc ience  payloads f o r  four  bHsic mission modes 
were developed ( o r b i t e r ,  atmospheric probe, sur face  penet ra tor  and lander)  . 
T r i a l  spacec ra f t  and mission designs were produced f o r  the  various mission 
modes us ing  e x i s t i n g  technology. Using these t r i a l  designs as a base, 
technology excursions were then made t o  f ind so lu t ions  t o  the problems 
r e s u l t i n g  from these conventional approaches and t o  uncover new sc i ence ,  
technology and mission planning opt ions.  The measure of worth of t hese  
new opt ions  i s  t h e i r  con t r ibu t ion  t o  mission performance, r e l i a b i l i t y  
and sc ience  value. Several  i n t e r e s t i n g  mission modes were developed 
t h a t  take  advantage of the unique condi t ions  expected a t  Ti tan.  They 
include a combined o r b i t e r ,  atmosphere probc and lander  veh ic l e ,  a com- 
bined probe and su r f ace  penet ra tor  conf igura t ion ,  and concepts f o r  
advanced remote sensing o r b i t e r s .  
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I. INTRODUCTION 
The p r inc ipa l  ob jec t ive  of t h i s  study has been t o  i d e n t i f y  new 
technology concepts t h a t  w i l l  con t r ibu te  t o  the explora t ion  of the 
outer  p l ane t  s a t e l l i t e s  i n  general ,  and T i t a n  i n  p a r t i c u l a r .  Since only 
l i m i t e d  s tud ie s  of Ti tan  missions had been performed, it was necessary 
t o  f i r s t  e s t a b l i s h  some base l ines  from which new technology requirements 
could be measured. This was done by compiling a  consensus of T i t an  
explora t ion  science ob jec t ives  and then devis ing four mi s s io~~ / spacec ra f  t 
modes t h a t  attempted t o  meet these  object ives .  The four modes, o r b i t e r ,  
atmospheric probe, sur face  penet ra tor  and lander ,  were developed i n t o  
t r i a l  designs using conventional technology and appl ica t ions  of e x i s t i n g  
spacecraf t .  The o r b i t e r  mode was implemented both i n  a  Mariner-class,  
th ree-axis  s t a b i l i z e d  conf igura t ion  and a  Pioneer-class ,  sp in - s t ab i l i zed  
J: 
version.  The atmospheric probe was based on the Ames Research Center 's  
outer  p lane ts  probe. The sur face  penet ra tor  was derived from the Sandia 
Corporation devices used i n  Earth appl ica t ions  and s tudied  f o r  Mars 
explorat ion.  The lander t r i a l  design used Viking technology a s  a  base. 
Figure 1-1 shows the p r inc ipa l  f ea tu re s  of the o r b i t e r  misslon t r i a l  
design and Figures 1-2, 1-3 and 1-4 i l l u s t r a t e  the c h a r a c t e r i s t i c s  of 
the atmosphere probe, the  sur face  penet ra tor  and the lander base l ines .  
By examining the t r i a l  mission and spacec ra f t  designs i t  became 
c l e a r  where mission performance, r e l i a b i l i t y  and science value were 
being l imi ted  by the  e x i s t i n g  technology. I n  p a r t i c u l a r ,  the unce r t a in t i e s  
i n  the Ti tan  ephemeris, the  wide range of poss ib le  atmosphere models, 
fc Exi s t ing  designs(  Ref B-4 and B-5) were used f o r  t r i a l  mission o rb i t e r s .  
112 to 144-day 1 st orbit, 
Spin 
Saturn Orbiter - Stabilized 
1 
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Science, kg 46 \ 
Vehicle bl ncluding Science), kg 300 
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and the l ack  of knowledge of the  su r f ace  condit ions,  made it very 
d i f f i c u l t  t o  p l an  conventional missions. These d i f f i c u l t i e s  provided 
the s t i m u l i  and the  d i r e c t i o n  f o r  the search f o r  new concepts. 
Chapter I1 of t h i s  volume documents the r e s u l t s  of the  sc ience  
s tud ie s  done i n  support  of t h i s  con t r ac t .  The o v e r a l l  sc ience  ob jec t ives  
for  T i t a n  explorat ion,  the requi red  measurements, and the recommended 
payload instruments e s t ab l i shed  the science guide l ines  f o r  both the  t r i a l  
mission designs using e x i s t i n g  technology, and the new concepts and 
technology advancements. 
Chapter I11 i s  t he  main body of the  r epo r t  and descr ibes  the new 
technology recommendations and the  advanced sc ience ,  technology and 
mission planning opt ions t h a t  o f f e r  promise of both enabling and/or 
enhancing the  explorat ion of Ti tan .  
The mission ana lys i s  and sys terns conf igura t ion  work performed i n  
t 
the development of t he  t r i a l  mission/spacecraf t  designs is repor ted  i n  
Appendices A and B. Appendix A descr ibes  the performance requirements 
and the a l t e r n a t i v e  s t r a t e g i e s  for :  L) t r a j e c t o r i e s  from E a r t h  t o  
Saturn;  2)  de f l ec t ing  t o  a T i t an  encounter;  3 )  T i t a n  en t ry ;  and, 4) 
Sa turn  o r b i t  i n s e r t i o n  and in-orb i t  s t r a t e g i e s .  It a l s o  discusses  
navigat ion and e r r o r  ana lys is  problems i n  performing these  maneuvers. 
Appendix B conta ins  t h e  system and subsystem des ign  data  t h a t  support 
the t r i a l  spacecraf t  designs f o r  the T i t an  atmospheric probe, surf  ace 
penetrator  and so£ t lander.  
11. SCIENCE OBJECTIVES AND REQUIREMENTS FOR TITAN EXPLORATION 
In  recent  years  t he re  has  been a n  increas ing  i n t e r e s t  i n  Ti tan.  Armed 
with new astronomical data ,  p lane tary  s c i e n t i s t s  have begun more a c t i v e  
a n a l y t i c a l  evaluat ions of : i t s  atmospheris and geologic c h a r a c t e r i s t i c s .  
NASA plans t o  obta in  considerably more information about  T i t an  from near  
f lyby t r a j e c t o r i e s  of both Pioneer 11 and the MJS '77 mission. The i n t e r e s t  
i n  t h i s  moon of Saturn is based on t h e  discovery t h a t  it has a  s i g n i f i c a n t  
atmosphere wi th  a  r e l a t i v e l y  l a rge  methane t o  hydrogen r a t i o ,  thus present ing 
an environment s imi l a r  t o  t h a t  which has been postulated f o r  Earth during 
the beginnings of l i f e .  A 1  though the  atmospheric unce r t a in t i e s  a r e  l a r g e  
a t  t h i s  time, preliminary ana lyses  have shown t h a t  a  spacecraf t  could 
survive en t ry  and landing. 
A. RECOMMENDED TITAN ENGINEERING MODELS 
When t h i s  study was i n i t i a t e d  i n  the summer of 1975, a n  engineering model 
for  T i t an  was being developed under t he  cognizance of the GSFC and the 
(1) p r inc ipa l  au thor  was Calvin P. Meyers of the J e t  Propulsion Laboratory. 
Since an engineering model was necessary a s  a guide t o  design i n  t h i s  study, 
discussions with T i t an  observers and p a r t i c u l a r l y  with C. Meyers and N. Divine 
of JPL provided the data  upon which the preliminary model was formulated. 
The atmosphere of T i t an  may be r e l a t i v e l y  t h i n  (Caldwell model) o r  th ick  
(Hunten model). An intermediate  model, termed "nominal", has been proposed 
by Owen (see Sect ion I IA-4 )  and cu r ren t ly  appears  t o  be the most probable. 
Hunten and Owen favor n i t rogen  over neon, though no experimental evidence 
demonstrates the ex i s t ence  of e i t h e r .  Ethane and ace ty lene  have apparent ly  
been detected by G i l l e t t .  
(1) NASA Space Vehicle Design C r i t e r i a  (Environment) "The Environment of 
T i t an  (1975)" August 1975, NASA SP-81XX (To be Published) 
Based on t h e s e  c o n s i d e r a t i o n s  t h e  fo l lowing  p re l iminary  T i t a n  eng ineer ing  
model i s  recommended f o r  use  i n  t h i s  s tudy,  
1. Atmosphere 
a .  Composition 
Thin 
-
Nomina 1 - Thick 
Methane 100% 2% 0 - 100% 
Hydrogen - - 10% - - 
Nitrogen - - 0 - 99% 0 - 100% 
Neon - - 0 - 99% - - 
b. Assumed Molecular 
Weight 1 7  2 8 28 
c .  Sur face  Condi t ions  a t  2700 km r a d i u s  
Pressure, mb 1 7  400 1000 
Temperature,  OK 78 7 8 1 2 5  
Dens i ty ,  g m l l i t e r  .042 1.7 2 .7  
F i g u r e s  11-1, 11-2 and 11-3 p r e s e n t  t h e  p ressure ,  temperature  and d e n s i t y  
p r o f i l e s  c o n s i s t e n t  wi th  t h e  assumptions.  A l l  models o f  t h e  temperature  
p r o f i l e ,  Figure  11-2 ,  inc lude  a n  i n v e r s i o n  l a y e r  w i t h  a peak temperature  
of 1 6 0 ' ~  based upon 8 p  infrar .ed  measurements. Presumably t h i s  i s  a  
photochemical haze (smog) which h e a t s  t h e  upper atmosphere by s u n l i g h t  
a b s o r p t i o n .  The nominal and t h i n  models have no greenhouse e f f e c t ,  producing 
a n  extremely s t a b l e ,  permanently i n v e r t e d  atmosphere . The t h i c k  model a l l o w s  
greenhous ing. 
2. Sur face  C h a r a c t e r i s t i c s  
S u r f a c e  Location: The r a d i u s  of T i t a n  i s  taken a s  2700 km, based upon 
~ e v e r k a  's  occu l . t a t ion  r a d i u s  of 2900 -f_ 200 km, and Hunten 's  sugges t  ion t h a t  
even i f  T i t a n ' s  atmosphere i s  n o t  opaque, the  limb e f f e c t  would be approx i -  
mately 200-300 km. 
Titan-Centered Radius (h) 
Fig .  11-1 T i t a n  Atmospheric ]pressure 
Preliminary Titan Atmospheric Models 
I I I I I I 
2700 2800 2 900 
Titan- Centered Radius (b) 
Fig. 11-2 Titan Atmspheric Temperature 

Sur face  S t a t e :  For t h e  time being,  two s u r f a c e  composit ions should be 
considered:  (1) f rozen  methane, and (2) a s o l i d  s u r f a c e  of i c e s  o v e r l a i n  
wi th  1 t o  100 mete r s  of l o o s e ,  unconsol idated d u s t  ( p r e c i p i t a t e d  smog). 
The s u r f a c e  temperature  may be a s  low a s  78OK o r  as h igh  a s  1 2 5 O ~  (greenhouse).  
An i n f r a r e d  b r i g h t n e s s  temperature  a t  3 4 p m  has  been r e p o r t e d  a t  95'~.  
Liquid  methane is  a  p o s s i b i l i t y  t h a t  should be cons idered ;  however, i t  i s  
improbable. 
3. Addi t iona l  Data 
T i t a n  bu lk  d e n s i t y  = 1 . 7 5  0.4 gm/cm 3  
Sur face  A c c e l e r a t i o n  = 1 .3  + 0.2 m / s  2  
= 0.133 + .02 Ear th  g ' s  
R o t a t i o n a l  Per iod  = 15.9 Ear th  days 
4 .  Comments on T i t a n  Engineer ing Model by Tobius Owen 
A meeting was he ld  a t  Mart in  M a r i e t t a  on J u l y  1, 1975 w i t h  Professor  
Tobius Owen t o  d i s c u s s  r e s u l t s  of h i s  T i t a n  resea rch  and assessment o f  t h e  
value  of T i t a n  e x p l o r a t i o n .  Th is  meeting was a t  t h e  beginning of t h e  s tudy  
and inf luenced t h e  d e f i n i t i o n  of t h e  recommended T i t a n  Engineer ing Model 
which w a s  subsequent ly  used i n  t h e  s tudy  f o r  s p a c e c r a f t  and probe des ign  
purposes. 
A summary of P r o f e s s o r  Owen's comments fol lows:  
a .  Amsopher ic  Measurement - Owen's c u r r e n t  e s t i m a t e  of methane abundance 
is 80 m-atm, based upon t h e  weak bands a t  0.543 p. This  t r a n s l a t e s  t o  
a  s u r f a c e  p a r t i a l  p r e s s u r e  o f  0.8 mb, o r  o n l y  0.2% of t h e  s u r f a c e  t o t a l  
p ressure  of 500 mb. These a r e  Owen's e s t i m a t e s  us ing  T r a f t o n ' s  d a t a .  Owen 
has  i d e n t i f i e d  a n  a d d i t i o n a l  methane band which i s  p r e s s u r e - s e n s i t i v e  
and hopes t o  r e f i n e  t h e  400 mb e s t i m a t e  dur ing  f u t u r e  observa t ions .  
b .  Atmospheric Model - Owen adopts  the f a r  I R  (34 ,um) br ightness  
0 temperature of 93 K a s  t h a t  of the "surface", where quote marks a r e  t o  in- 
d i c a t e  the uncer ta in ty  of whether the observation Fs of a  t rue  s o l i d  surface 
or merely cloud tops (Owen leans  toward the so l id-sur face  i n t e r p r e t a t i o n ) .  
He a sc r ibes  the  temperature t o  a  mild greenhouse induced by the atmosphere 
being predominently n i t rogen  (neon i s  s t i l l  a  p o s s i b i l i t y ;  hydrogen may 
have been eliminated by measurements by G.  Munch). Clouds a r e  ind ica ted  
only by the  po la r i za t ion  curve, which may r e a l l y  be due t o  loose f a l l o u t  
smog p a r t i c l e s  on the sur face .  The reddish color  may ind ica t e  compounds 
containing e i t h e r  N o r  S, a l though P o r  S i  a r e  remote p o s s i b i l i t i e s  (phosphine 
and s i l a n e  a r e  unstable  i n  the  presence of water vapor).  
B . SCIENCE OBJECTIVES FOR TITAN EXPLORATION 
The fundamental sc ience  ob jec t ives  i n  t h e  exploragion of the p lane tary  
and s a t e l l i t e  bodies of t he  so l a r  sys  tem are t o  obta in  information on planetary 
formation, o r i g i n  of l i f e ,  and dynamic processes a f f e c t i n g  planetary 
environments. 
The s p e c i f i c  science objec t ives  fo r  T i t a n  exp lo ra t ion  can be defined i n  
terms of science ques t ions ,  and the measurements or  instruments required t o  
answer them. 
Science Quest ions - The fundamental ques t ions  a r e  : 
1. FORMATION 
When, how and of what was T i t an  formed? 
2. EVOLUTION & DYNAMICS 
What processes a r e ,  or have been, a t  work a t  T i t an  s ince  i ts  formation? 
3 .  LIFE 
Has p reb io t i c  organic synthes is  or  Life evolved a t  T i tan?  
This leads  t o  many de t a i l ed  science ques t ions  such a s :  Do complex organic  
compounds e x i s t  on T i t an  (on the sur face ,  i n  the atmosphere)? I f  so what 
types? Are they the r e s u l t  of a b i o t i c ,  photochemical syn thes i s ,  o r  . . . 
Does l i f e  e x i s t  on T i t an  ( sur face ,  subsurface,  i n  atmosphere)? 
What i s  the  sur face  chemistry? How t h i c k  i s  the  c r u s t ?  I s  the mantle 
l i qu id?  What i s  i t s  composition? Rocky core?  Do convection c e l l s  e x i s t ?  
When was T i t an  formed? Does the h e a t  flow r a t e  r e s u l t  from hea t ing  by 
r a d i o a c t i v i t y ?  
What i s  the  composition of the atmosphere? Is i t  i n  chemical equi l ibr ium 
with the  sur face?  What is  the s t r u c t u r e  of the atmosphere? S tab le  inversion? 
Greenhouse? Photochemical haze (smog)? Nature of c louds? 
The types of science instruments o r  experiments needed t o  answer many 
of the above quest ions a r e  placed i n  r e l a t e d  groups and l i s t e d  below. 
11-8 
Organics - Analy t ica l  instrumentat ion (gas chromatography (GC) , mass spectrometry 
(MS), combined GC-MS, GCMS, organics  de tec t ion ,  I R  spectroscopy, d i f f e r e n t i a l  
scanning ca lor imet ry  (DSC), W absorp t ion  amino a c i d  de t ec t ion  and ana lys i s ) .  
Sampling techniques (scoops, vapor iza t ion- - res i s t ive  hea t ing  o r  micro- 
wave induct ion,  c a r r i e r  gas sweep) . 
Origin of Organics, L i f e  - L i f e  de t ec t ion  (Viking biology experiments = gas 
exchange (GEx) , l a b e l  r e l ea se  (LR) , pyrolyt ic  r e l e a s e  (PR) ; Unified L i f e  
Detection Sys tem - B . Kok mass spec trome ter-based gas de t ec t ion ) .  Sampling 
technqiues . 
Composition and S t ruc tu re  of Surface and I n t e r i o r  - Analy t ica l  instrumenta- 
t i o n  (GC, MS, alpha backscat ter  spectrometer (ABS), X-ray f luorescence 
spectrometer (XRFS), X-ray diffractome?zry (XRD)). Sampling techniques ( i c e s ,  
t a r s ,  meteor i te  deb r i s ) .  Act ive seismometry, microwave radiometry, imagery, 
radar  a 1  t imet ry ,  g r a v i t a t i o n a l  harmonics. 
Formation - Age-dating. Heat-flow r a t e s .  
Atmosphere Composition - Composition (GC, MS, UV ex t inc t ion ,  quartz-micro- 
balance condensible vapors de t ec to r ,  r e t a rd ing  po ten t i a l  analyzer  (RPA), 
e t c  .) . 
Atmospheric S t ruc tu re  , Dynamics - Meteorology, r ad io  science,  cloud and haze 
p a r t i c l e  de tec t ion .  
C. SCIENCE CONSULTANT'S REVIEW OF TITAN EXPLORATION STUDY 
The M a r t i n  M a r i e t t a  p l a n e t a r y  s c i e n c e  c o n s u l t a n t s '  group met a t  Denver 
on November 2, 1975 and reviewed t h e  approach being taken i n  t h e  T i t a n  
Explora t ion  Study. Th is  meeting took p l a c e  a t  abou t  t h e  midpoint  i n  t h e  
s tudy  and se rved  a s  a review of t h e  recommended eng ineer ing  model o f  T i t a n  
(Sect ion 11-2) and provided some a d d i t i o n a l  i n p u t s  t o  t h e  model and t o  
s c i e n t i f i c  payloads t o  be considered.  
S c i e n t i s t s  p r e s e n t  were: 
D r .  Michael B. McElroy, Harvard U n i v e r s i t y  
D r .  Thomas Donahue, U n i v e r s i t y  of Michigan 
D r .  Gordon H. P e t t e n g i l l ,  MIT 
D r .  Donald M. Hunten, K i t t  Peak Nat iona l  Observatory 
D r .  John S. Lewis, MIT 
D r .  Alexander J. D e s s l e r ,  Rice  U n i v e r s i t y  
M r .  H. J u l i a n  Al len ,  Pa lo  A l t o ,  C a l i f o r n i a  
M r .  Harold Masursky, U S ~ S / F l a ~ s t a f f ,  Arizona 
The Mar t in  M a r i e t t a  s tudy  team opened t h e  meeting wi th  a p r e s e n t a t i o n  
t h a t  covered t h e  fo l lowing  s u b j e c t s :  
1. Technology f o r e c a s t i n g  plan f o r  T i t a n  e x p l o r a t i o n .  
2. Fundamental s c i e n c e  q u e s t i o n s  f o r  T i  t a n  e x p l o r a t i o n .  
3 .  D e s c r i p t i o n s  of t y p i c a l  o r b i t e r ,  probe, p e n e t r a t o r  and l a n d e r  
miss ions  f o r  T i t a n  e x p l o r a t i o n .  
4 .  Bes t  c u r r e n t  d e s c r i p t i o n  of T i t a n .  
5. Sc ience  payloads f o r  o r b i t e r ,  probe,  p e n e t r a t o r  and l a n d e r  miss ions .  
6 .  Techniques f o r  a n a l y z i n g  o rgan ic  compounds and inorgan ic  i c e s .  
7. T i t a n  e x p l o r a t i o n  s c i e n c e  va lue  mat r ix .  
During and a f t e r  the presenta t ion ,  the  following comments and sug- 
ges t ions  were of fe red  by the  consul tan ts :  
1. S c i e n t i f i c  consensus seems t o  be favoring the  400 mb nominal 
atmosphere f o r  Ti tan  based p r inc ipa l ly  on the observat ions and 
new laboratory c a l i b r a t i o n  of methane s igna tures  by Toby Owen 
e t  a l .  
2 .  Severa l  of t he  s c i e n t i s t s  expressed the  l ikel ihood t h a t  the  
T i t an  sur face  is  l i q u i d  methane. This i s  based on the  model 
cons i s t i ng  of the Owen atmosphere above an opaque cloud and 
then more atmosphere below t h a t  down t o  a l i qu id  sur face  t h a t  
i s  not v i s i b l e  remotely. 
3 .  The thought was advanced t h a t  T i t an  may be the only s a t e l l i t e  
we w i l l  be ab l e  t o  land on wi th in  the foreseeable  fu tu re .  A 
general ized approach t o  the landing problem was favored t h a t  
can handle l i q u i d s  and i c e s  of var ious mixtures and con- 
s i s  tenc ies .  
4. Low temperature X-ray d i f f r a c t i o n  and neutron d i f f r a c t i o n  were 
suggested a s  possible  experiment techniques f o r  i nves t iga t ing  
the nature of T i t an  i c e s ,  
5. Recent work on predic t ing  the  l i f e t ime  of methane i n  the T i t an  
atmosphere has suggested t h a t  methane should l a s t  only a s h o r t  
time compared with the  age of Ti tan.  This would mean a r e -  
plenishing source ex'is t s .  
6 .  According t o  pred ic t ions ,  a layer  of photo lys i s  products 
(CH4, C2H6, C3H8, e t c . )  could e x i s t  on the  surface of T i t an  
t h a t  i s  on the order  of 1 km th ick .  
7 .  Some doubts about t he  ex is tence  of organic molecules of any g rea t  
complexity a rose  i n  t he  d iscuss ions .  It was suggested t h a t  photo- 
l y s i s  would probably s t o p  a f t e r  propane (C H ) and perhaps something 3 8 
a s  complex a s  hexane (C H ) could form by the  jo in ing  of two pro- 6 14 
pane molecules. The absence of c i r c u l a t i o n  and v e r t i c a l  mixing i n  
the T i t an  atmosphere probably prevents  t he  re-exposure of heavier  
organics  t o  W f o r  f u r t h e r  photo lys i s  and they s e t t l e  t o  the  sur face .  
Therefore,  microbes f l o a t i n g  around i n  the atmosphere a r e  unl ike ly .  
8. It was recommended t h a t  the probe W photometer needn't  be s o l a r  
point ing but t h a t  f u l l  hemispheric coverage would be s a t i s f a c t o r y .  
9. Sounding the su r f ace  and subsurface from o r b i t  wi th  a passive micro- 
wave radiometer was a l s o  suggested a s  a valuable  experiment t o  d e t e c t  
the  temperature s igna tures  of the  cons t i t uen t s .  
10. I t  was recommended t h a t  the  microwave radiometer measurements be made 
on repeated o r b i t e r  passes t h a t  provide d i f f e r e n t  viewing geometry 
t o  maximize the usefulness  of t he  da t a .  
11. I n  at tempting t o  come up wi th  a method of age-dating the  i c e s  on 
T i t an ,  t he  p o s s i b i l i t y  of potassium-argon da t ing  of the s a l t s  assumed 
t o  be present  i n  the  i c e s  was suggested. This technique would be a 
very chal lenging new technology development. 
12. One s c i e n t i s t  th inks  the upper l i m i t  on the c r u s t  thickness is 25 
km. Convection c e l l s  w i l l  probably e x i s t  i n  t he  l i qu id  below the  
c r u s t  t h a t  can be expected t o  cause bulges i n  the c rus t .  The 
p l a s t i c i t y  of t h e  sur face  i c e s  ( i f  they e x i s t )  should otherwise 
keep the sur face  smooth. 
13. Heat flow a t  T i t an  should be r e l a t i v e l y  l a r g e ,  only a  few times 
l e s s  than a t  the  Earth.  This  gives a high p r i o r i t y  t o  hea t  flow 
experiments which w i l l  involve implanting subsurface temperature 
sensors  and measuring the  thermal conduct ivi ty  and thermal grad ien t  
i n  the sur face  mater ia l .  
14. Lewis of fe red  a  p r i o r i t i z a t i o n  of the  sc ience  objec t ives  a t  T i t an  
t h a t  was somewhat su rp r i s ing  i n  i t s  downgrading of the search f o r  
organics .  His order of importance: 
a .  Atmospheric s t r u c t u r e  
b . Atmospheric composition 
c.  Surface chemistry 
d .  Do complex organics e x i s t ?  
e .  When was Ti tan  formed? 
f .  What kinds of organics? L i f e ?  
15. Active seismometry experiments were endorsed as valuable i n  developing 
knowledge of the  i n t e r n a l  s t r u c t u r e  of t he  s a t e l l i t e .  A l a r g e  
impact or explosion d i ame t r i ca l ly  opposite t o  a  seismic recording 
s t a t i o n  would be idea l .  
16. Measurement of g r a v i t a t i o n a l  harmonics from o r b i t  was suggested. 
A science value matr ix,  Figure 11-4, was presented for  cons idera t ion  
by the consul tan t  group, however, a  unanimous agreement was not  obtained on 
the assignment of sc ience  values f o r  each category.  The values shown only 
dep ic t  a  t y p i c a l  evaluat ion.  

D . RECOMMENDED SCIENCE INSTRUMENT PAXLOADS 
Recommended science instrument payloads have been i d e n t i f i e d  f o r  o r b i t e r ,  
probe, pene t ra tor ,  and lander  missions t o  be used i n  t h e  system designs.  
Each of these vehic les  is b e s t  s u i t e d  t o  c e r t a i n  types of experiments 
and, therefore ,  the most d e s i r a b l e  sc ience  mission would include a t  l e a s t  
one of each type. The o r b i t e r  performs planet-wide experiments and obta ins  
near-planet  environmental da ta  including such things a s  f i e l d s  and p a r t i c l e s ,  
UV and photopolarimetry , rad io ,  and I R  spectrometer measurements. The probe 
i s  dedicated t o  atmospheric and cloud measurements down t o  the sur face .  
The penetrator  makes subsurface measurements including physical  p rope r t i e s  
of t he  sur face  ma te r i a l ,  hea t  flow and thermal conduct ivi ty  of s o i l ,  
s o i l  composition and seismometry. The lander provides the most sophis t ica ted  
i n  s i t u  measurements of a l l ,  including composition and l i f e  de t ec t ion ,  
meteorology, imagery, seismometry, and a hos t  of other  more complex de t a i l ed  
measurements. Therefore,  a  complete s c i e n t i f i c  i nves t iga t ion  of T i t an  
requi res  a t  l e a s t  one of each type of these vehic les  or  possibly multipurpose 
vehic les  t o  provide a l l  of the des i red  measurements. The mission, engineering 
design,  and program c o n s t r a i n t s  probably w i l l  not  allow simultaneous use of 
a l l  four  types of vehic les  i n  one miss ionunless  t he  advanced technology, 
combzned-vehicle concepts discussed i n  Chapter I11 a r e  found t o  be f eas ib l e .  
1. Science Instrument Payload f o r  a n  Orbi te r  
Two c l a s s e s  of o r b i t e r  missions were considered i n  t h i s  study. The 
f i r s t  i s  a Saturn o r b i t e r ,  which encounters T i t an  one o r  more times and 
supports the T i t an  mission through both data  r e l a y  and remote measurements. 
The second i s  a  T i t an  o r b i t e r  which neces sa r i l y  has  a severe weight con- 
s t r a i n t  and therefore  a much reduced science payload. 
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The S a t u r n  o r b i t e r  s c i e n c e  payload is based on c u r r e n t  NASA planning 
f o r  s i m i l a r  miss ions  i n c l u d i n g  t h e  Mariner J u p i t e r  o r b i t e r  and t h e  Mariner 
and Pioneer  f l y b y  s p a c e c r a f t  c o n f i g u r a t i o n s .  Table 11-1 p r e s e n t s  a  l i s t  o f  
ins t ruments  . 
Table  11-1 Candidate  Sc ience  Payload - O r b i t e r  
1. Imaging Sc ience  
2. Radio Sc ience  
3 .  Cosmic Ray 
4. P l a n e t a r y  Radio Astronomy 
5. Plasma Wave 
6 .  Low Energy Charged P a r t i c l e s  
7 .  Photo p o l a r  imeter  
8. UV Spectrometer  
9. Magnetometer 
10.  I R  I n t e r f e r o m e t e r  Spectrometer 
11. Microwave Radiometer Probe 
A smal l  T i t a n  o r b i t e r  might have a minimum s c i e n c e  payload which could  
inc lude  a  t ransponder  f o r  a c c u r a t e  t r a c k i n g  o f  the  o r b i t e r ,  a  radiometer  t o  
i n v e s t i g a t e  t h e  s u r f a c e  i c e s ,  and imagery t o  map t h e  s u r f a c e .  
2.  Sc ience  Ins t rument  Payload f o r  a T i t a n  Atmospheric Probe 
Based upon d i s c u s s i o n s  w i t h  Sagan, Lewis, Owen, Oyama, and o t h e r s ,  t h e  
fol lowing probe payload i s  designed t o  answer those  s c i e n t i f i c  q u e s t i o n s  of 
the  g r e a t e s t  immediacy. 
Science S t ra tegy:  Obviously the physical  s t a t e  of the  atmosphere must be 
de t a i l ed ,  hence the  need fo r  temperature, pressure,  and dece lera t ion  p r o f i l e  
measurements. The l i g h t  gases a r e  b e s t  de tec ted  and assayed by a n e u t r a l  
mass spectrometer with a range of 1 t o  50 AMU. More complex molecules, the 
products of presumed a b i o t i c  organic  synthes is ,  should be s tudied  by both a 
high molecular weight mass spectrometer (50 t o  200-plus AMU) and a gas 
chromatograph. Study of the photochemical processes taking place i n  T i t an ' s  
atmosphere w i l l  be g r e a t l y  a ided  i f  the  UV s p e c t r a l  i n t e n s i t y  is measured as 
a funct ion of depth i n  the  atmosphere; t h i s  j u s t i f i e s  inc lus ion  of a W 
multiband photometer. Location and na ture  of the s o l i d  sur face  a r e  h ighly  
important. Not only fo r  s c i e n t i f i c  reasons,  bu t  a l s o  t o  a i d  lander  and 
penet ra tor  mission designs. A con tac t  i nd ica to r ,  radar  a l t i m e t e r ,  s t roke  
penetrometer, o r  o ther  device(s)  should be considered. O f  secondary 
p r i o r i t y ,  r e l a t i v e  t o  the above, a r e  instruments such a s  l i g h t  a t t e n u a t i o n  
de t ec to r s ,  cloud p a r t i c l e  de t ec to r s  (nephelometers), heavy element de t ec to r s  
(X-ray fluorescence, f o r  phosphorous, s u l f u r ,  ch lo r ine ,  e t c . ) ,  ionospheric 
proper t ies  (ion mass spec, r e t a rd ing  p o t e n t i a l  ana lyzer ,  e l ec t ron  temperature 
probe, e t c . ) ,  and magnetometers. If Ti tan  is  cloud-shrouded, imagery during 
' de scen t  below the cloud l eve l  would be invaluable  s ince  accura te  imagery of 
the sur face  would no t ,  i n  t h i s  ca se ,  be possible  from o r b i t .  
Table 11-2 presents  the recommended science payload f o r  a n  atmospheric 
probe. 

I tems Requir ing Development: S e v e r a l  o f  t h e s e  ins t ruments  o r  experiment 
concepts  w i l l  r e q u i r e  e x t e n s i v e  development be fore  becoming a v a i l a b l e  f o r  
a  T i t a n  miss ion .  I tems: 
1) m a n i c  mass sDectrometer (MS) - r e q u i r e s  a n a l y s i s  of range of 
o rgan ic  compounds expected and b e s t  type of spectrometer  f o r  a n a l y s i s .  
Areas of exper imental  work inc lude  source  o p t i m i z a t i o n ,  i n l e t  protec-  
t i o n  (prevent  c logg ing  by smog p a r t i c l e s ) ,  avoidance of condensat ion 
t rapp ing ,  and d a t a  i n t e r p r e t a t i o n  and s p e c i e s  i d e n t i f i c a t i o n  ( s p e c t r a  
w i l l  be complex and p o t e n t i a l l y  ambiguous). 
2) Gas chromatopraph (GC) - d e t e c t i o n  of a b i o t i c  o rgan ics  of r e l a t i v e l y  
high molecular  weight  i n  t h e  s h o r t  time per iod a v a i l a b l e  d u r i n g  a  
probe descen t  w i l l  r e q u i r e  cons iderab le  l a b o r a t o r y  s t u d i e s  i n  t h e  
a r e a s  o f  (a )  column s i z e  and composit ion,  (b) c a r r i e r  gas ,  (c )  d e t e c t o r s ,  
(d) temperature  programming, and (e) sampling technique.  
3 )  UV broadband photometer - t h i s  ins t rument  c u r r e n t l y  does n o t  e x i s t  
f o r  t h i s  a p p l i c a t i o n ,  a l though  most of t h e  requ i red  technology may 
a l r e a d y  e x i s t .  Bands d e s i r e d  inc lude  one a t  2 6 0 ~  (o rgan ics ) ,  
220 (ammonia, hydrogen s u l f i d e ,  e t c  .) , 280 (continium) . 
4) Impact ind ica to r /pene t romete r  - measurement o f  s u r f a c e  p r o p e r t i e s  
i n  t h e  s h o r t  time i n t e r v a l  of an impact i s  extremely cha l l eng ing ,  
b u t  may be t e c h n i c a l l y  p o s s i b l e  i f  s u f f i c i e n t  development work i s  
accomplished. Key i n g r e d i e n t s  would be a  f a s t  response time 
t ransducer  (e .g . ,  a s p r i n g  loaded s p i k e ) ,  h i g h - r a t e  d a t a  t r a n s m i t t e r ,  
and h i g h - r a t e  d a t a  r e c e i v e r  and s t o r a g e  dev ice  on t h e  r e l a y  s p a c e c r a f t .  
3 .  Science Instrument Payload f o r  a T i t a n  Penet ra tor  
The sc ience  payload proposed here  must neces sa r i l y  be taken i n  t he  con- 
t e x t  of what would be flown on the f i r s t  mission t o  the  sur face  of Ti tan 
s ince  i f  a  pene t ra tor  is  employed, i t  is unl ike ly  t h a t  a  more soph i s t i ca t ed  
sof t - lander  mission w i l l  have preceded it. On the f i r s t  such sur face  
mission, the h ighes t  p r i o r i t y  must be given t o  gross physical  and chemical 
proper t ies ,  providing the  base l ine  f o r  design of more soph i s t i ca t ed  su r f ace  
missions. This w i l l  undoubtedly be the  f i r s t  encounter of a  sur face  which 
i s  i cy  r a t h e r  than s o l i d  s i l i c a t e  (rock) ,  and promises much g rea t e r  chance 
of su rp r i s e  than the sur faces  of  the inner  planets .  
a .  Recommended Science Payload f o r  F i r s t  Penet ra tor  Mission 
(Based upon Mars-class pene t ra tor  with 35 kg sc ience  payload.) 
I )  Accelerometer - 
Object ive:  Measurement of dynamic dece l e ra t ion  p r o f i l e  t o  
der ive  physical  proper t ies  of the sur face .  
Engr. Cha rac t e r i s t i c s :  2 kg, 1 l i t e r ,  10 watts peak during 
landing (Sandia s tudy)  . 
2) Temperature Array - 
Objective: Measurement of temperature - time p r o f i l e  a t  various 
points r e l a t i v e  t o  the  penet ra tor  thermal source (power d i s s ipa t ion  concen- 
t r a  t i ons  o r  RTG i f  employed) . 
Engr. Cha rac t e r i s t i c s :  1 kg, 0.5 l i t e r s ,  0.1 watt  average,  
10 b i t s h i n u t e  average 
3) Mass Spectrometer - 
Objective: Determination of major cons t i t uen t s  of the  sur face ,  
including frozen gases (ammonia, water ,  methane, e t c . )  and organics  (10 t o  300 AMU). 
Engr. Cha rac t e r i s t i c s :  5  kg, 3  l i t e r s ,  20 watts  each measurement 
sequence (1  hour per sequence, 3 sequences per miss ion) ,  2000 b i t s lminute  
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Table 11-3 presents  a n  expanded l i s t  of instruments f o r  a pene t ra tor  
mission. 
b. Development Requirements 
A sampling device fo r  the mass spectrometer w i l l  r equ i r e  extensive 
development t o  provide sample a c q u i s i t i o n  and v o l a t i l l z a t i o n .  The mass spec 
i t s e l f  w i l l  r equ i r e  ca re fu l  des ign  (and perhaps hea t ing )  t o  al low r e l i a b l e  
measurement of water concentrat ions.  The source f i lament  may r equ i r e  develop- 
ment t o  ruggedize f o r  pene t ra tor  dece lera t ion  loads.  Work required on the 
temperature a r r a y  includes ruggedized low temperature (80 '~)  thermometry 
techniques and t h e o r e t i c a l  modeling of penetrator-surface ma te r i a l  i n t e r -  
ac t ions  ( including phase changes and f l u i d  flows). The accelerometer may 
not requi re  extensive development because of p r io r  usage on t e r r e s t r i a l  
penetra t o r s .  
c .  Rat ionale  f o r  Instruments not  Included 
A gas chromatograph (EC) would be highly des i r ab l e  e i t h e r  i n  conjunc- 
t i o n  wi th  o r  perhaps i n  place of a mass spectrometer (MS). It was no t  
included i n  the  recommended payload only because of the  d i f f i c u l t y  of accom- 
modating both instruments and because of higher power and longer operat ing 
time required f o r  the  GC, Other candidate  instruments which could compete 
with the  GC o r  MS include: (1) d i f f e r e n t i a l  scanning ca lor imeter ,  (2)  gas- 
phase in f r a red  spectrometer,  and (3) chemical ly-sensi t ive qua r t z  microbalance 
a r ray .  None of these l a t t e r  techniques have been o r  a r e  cu r r en t ly  planned 
f o r  f l i g h t  usage on planetary missions,  and a r e  thus  judged l e s s  developed. 
An alpha backsca t te r  s c a t t e r  spectrometer could d e t e c t  the r e l a t i v e  amounts 
of  the l i g h t  elements C,  N, 0, I?, and o the r s ,  bu t  it is  n o t  accura te  a t  
pressures  above about 100 mb, and would su f f e r  ex tens ive  source degradation 
during the f l i g h t  because of the  s h o r t  h a l f - l i f e  rad io iso tope  employed. An 
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X-ray f luorescence  experiment would be t e c h n i c a l l y  f e a s i b l e ,  b u t  o f  secondary 
s c i e n t i f i c  va lue  s i n c e  i t  would d e t e c t  on ly  elements above atomic number 
11. Neutron a c t i v a t i o n  techniques  would be p o t e n t i a l l y  q u i t e  in fo rmat ive ,  
b u t  a r e  l a r g e  and t e c h n i c a l l y  q u i t e  complicated.  Seismometry appears  , 
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f e a s i b l e  b u t  of completely s p e c u l a t i v e  importance. 
4. Sc ience  Ins t rument  Payload f o r  a T i t a n  Lander 
The l a n d e r  is  assumed t o  be more s o p h i s t i c a t e d  i n  i t s  s c i e n c e  payload 
r e l a t i v e  t o  t h e  p e n e t r a t o r ,  a l though  one could as w e l l  conceive  a minimum 
lander  wi th  a payLoad more l i k e  the  p e n e t r a t o r  ( see  Table 11-4). The approach 
taken h e r e  i s  t o  mount a more complete and complex a t t a c k  f o r  t h e  determina- 
t i o n  o f  the p o s t u l a t e d  a b i o t i c  o rgan ic  s y n t h e s i s  as w e l l  a s  the  p o s s i b l e  
e x i s t e n c e  of T i t z n i c  l i f e  forms. 
a .  Recommended Sc ience  Payload 
1 )  Combined GCMS/Life De tec t ion  
Objec t ive :  Analyze samples ob ta ined  from s u r f a c e  m a t e r i a l  and 
atmosphere f o r  o rgan ic  compounds (GCMS) and f o r  evidence of a c t i v e  metabolism 
(gas e v o l u t i o n  and uptake us ing MS) . 
Engr. C h a r a c t e r i s t i c s :  30 kg, 35 x 30 x  45 cm, 7 watts s tandby,  
1 5  w a t t s  dur ing  MS scans  (6 t imes  per day,  1 5  minutes  each) ,  50 w a t t s  dur ing  
GCMS mode (3  times f o r  miss ion,  3 h r .  per  run) ,  2000 b i t s  per MS s c a n ,  100 
k i l o b i t s  per GCMS mode run .  
2) Atmospheric Sensor Array 
Objec t ive :  Monitor temperature ,  p r e s s u r e ,  wind, and c loud cover 
( s u n l i g h t  moni to r ) .  
Engr. C h a r a c t e r i s t i c s :  S h o r t  boom (0.5 meter)  w i t h  sensor  a r r a y  
(2 kg,  1 5  x 1 0  x  10 cm), 5  w a t t s  dur ing sampling per iod (6 times per day, 
15 minutes per pe r iod) ,  2000 b i t s  per per iod.  

3) Camera 
Objective: Obtain images of l o c a l  topography and clouds. 
Engr. Cha rac t e r i s t i c s :  6 kg, 15 w a t t s  per p i c t u r e  (20 p ic tu re s  
per mission, each p i c tu re  r equ i r e s  15  minutes), 1 megabit per p i c tu re .  
4) Surface Sampler 
Objective: Obtain samples of sur face  ma te r i a l  (and possibly 
a i rborne  p a r t i c u l a t e s )  f o r  a n a l y s i s  by combined GCMS/Lif e Detection experi-  
ment. Aid i n  determination of physical  and thermal c h a r a c t e r i s t i c s  of 
sur face  ma te r i a l .  
Engr. Cha rac t e r i s t i c s :  7 kg, 5 l i t e r s ,  40 watts  during acqu i s i -  
t i o n  (20 minutes each),  8000 b i t s  per acqu i s i t i on .  
Table 11-4 presents  the l i s t  of s c i e n t i f i c  instruments with add i t i ona l  
des i r ab l e  instruments l i s t e d .  
b .  Rat ionale  fo r  t h i s  Payload 
Based upon what is  present ly  known about t he  various bodies of our 
s o l a r  system, Ti tan  may be the  only one on which the  "natural" ( i .e . ,  non- 
b io log ica l ,  o r  a b i o t i c )  synthes is  of complex organic compounds i s  on-going 
today. I n  t h i s  context ,  the  T i t an  atmosphere may be chemically analogous, 
though not  l i k e l y  i d e n t i c a l ,  t o  the pr imi t ive  Earth.  Accordingly, de tec t ions  
of 3-carbon and higher  organics  becomes the h ighes t  p r i o r i t y ,  with search 
f o r  a c t i v e  organisms a  c lose  second. 
The f i r s t  experiment recommended i s  a  combination of two techniques 
recognized a s  exce l l en t  f o r  each ob jec t ive ,  v iz . ,  gas  chromatograph separa tor  
with mass spectrometer analyzer  (GCMS) and the "Kok method" of l i f e  de tec t ion  
which a l s o  r equ i r e s  a mass spectrometer - i n  t h i s  case f o r  a n a l y s i s  of 
the gas composition i n  t he  head space above sur face  samples incubated with 
various n u t r i e n t s .  The engineering c h a r a c t e r i s t i c s  of t h i s  hypothe t ica l  
experiment a r e  based upon a  possible  modif icat ion of a Kok-type l i f e  
de tec t ion  instrument present ly  being developed by Mart in  Mar ie t ta  f o r  NASA/ 
Arnes . 
The proposed atmospheric sensor a r r a y  is  intended primari ly  t o  determine 
and monitor the  physical s t a t e  of the near-surface atmosphere, a s  wel l  as 
monitor the cloud cover f l uc tua t ions  (an adapt ive mode wherein t h e  sun- 
l i g h t  sensor i s  cont inua l ly  "on" b u t  records data  only for  s ign f i can t  
va r i a t i ons  i n  l i g h t  i n t e n s i t y  would be des i r ab l e ) .  The chemical s t a t e  of the 
atmosphere can be determined by including an  atmospheric i n l e t  t o  the MS. 
Since i t  i s  present ly  an t i c ipa t ed  t h a t  t he  surface of Ti tan  w i l l  have a  
r e l a t i v e l y  s t a t i c  appearance (e.g., no dus t  s torms) ,  imagery need not be a 
monitoring func t ion ,  bu t  more of a  one-shot study a s  compared, f o r  example, 
with Mars explorat ion.  A s i n g l e  camera i s  probably adequate. A t  p resent ,  
we assume a so lar - i l luminated  sur face ;  i f  the sur face  is indeed occluded 
by o p t i c a l l y  dense clouds, a r t i f i c i a l  i l luminat ion,  v i a  f l a r e  or lamp, 
w i l l  be required.  
c .  New Technology Required 
The f e a s i b i l i t y  and p r a c t i c a l i t y  of combining a  GC module with the 
Kok l i f e  de tec t ion  instrument,  has n o t  y e t  been s tudied .  Thermal con t ro l  of 
the incubation chambers and n u t r i e n t  r e se rvo i r s  may a l s o  be a  se r ious  problem 
requi r ing  innovat ive design. The atmospheric sensor a r r a y  may be a t t a i n a b l e  
from adapta t ions  of e x i s t i n g  devices ,  and the  Viking lander facs imi le  camera 
may be s a t i s f a c t o r y  f o r  t h i s  app l i ca t ion .  However, the Viking sampler boom 
w i l l  be t o t a l l y  inadequate f o r  sampling i n  t h i s  environment. Severe challenges 
a r e  expected i n  design of a sampling device t h a t  can r e l i a b l y  obta in  samples 
from a  sur face  t h a t  may be anywhere from very hard t o  v i sc id  (gooey), and 
operate  a t  very low temperatures ( 8 0 ° ~ ) .  
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d. A l t e rna t e  Instrument Candidates 
A wet-chemistry experiment capable of analyzing amino ac ids  and other  
organic compounds i s  c u r r e n t l y  under development f o r  NASA/Ames by TRW. This 
instrument i s  a n  exce l l en t  candidate  f o r  Ti tan  missions, although the  cur ren t  
design emphasis i s  toward a fu tu re  Viking-class Mars mission. I t  was not  
included he re  i n  the  i n i t i a l  recommendation only because of t he  d e s i r e  to  
keep the payload from being excessive and because a GCMS i s  a more general ized 
approach t o  measuring organics .  A seismometer could a l s o  be included with 
very small  weight penal ty,  but i t  remains t o  be seen whether a s c i e n t i f i c  
r a t i ona le  can be developed t o  j u s t i f y  i t s  inclusion.  
E. PLANETARY QUARANTINE CONSIDERATIONS FOR TITAN EXPLORATION MISSIONS 
I n  October of 1975 we interviewed D r .  Richard S,  Young a t  NASA 
Headquarters who performs the dual  funct ions the re  of Chief of Exobiology 
and Chief of the  P lane tary  Quarantine Program. D r .  Young s t a t e d  t h a t  NASA 
has not y e t  e s t ab l i shed  a f i rm pos i t i on  on the p robab i l i t y  of growth (Pg) 
f o r  Ear th  organisms a t  the  outer  p lane ts  and t h e i r  s a t e l l i t e s .  He s a i d  t h a t  
i n  severa l  months such a pol icy would be recommended by a committee from the  
National Academy of Sciences and t h a t  it would then be offered a t  a s p e c i a l  
symposium a t  COSPAR next  summer. 
P r io r  t o  t h i s  time, s eve ra l  P lane tary  Quarant ine Spec i f i ca t ion  Shee ts  
had been prepared by Exotech Systems, Inc , ,  f o r  the Planetary Quarant ine 
Program i n  which the p robab i l i t y  t h a t  a t e r r e s t r i a l  microorganism t h a t  
reaches a planetary s a t e l l i t e  having an atmosphere would grow and p r o l i f e r a t e  
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was quoted a t  Pg = 10 . This f i g u r e  compares wi th  equivalent  es t imates  f o r  
-6 -7 Mars of Pg = 10 and f o r  Saturn of Pg = 10 . 
On the face of i t ,  these est imates  would imply t h a t  s t e r i l i z a t i o n  
requirements fo r  spacec ra f t  designed t o  land on Ti tan  would be f i v e  orders  
of magnitude more s t r i n g e n t  than those used for  the Viking mission t o  Mars. 
D r .  Young, however, recommended t h a t  we not  follow t h a t  l og ic ,  f e e l i n g  
t h a t  the Exotech es t imates  were purposely made u l t r a  conservat ive f o r  T i t a n  
pending the time when more ca re fu l  thought could be given t o  the  i s sue .  It 
was h i s  opinion t h a t  t h e  Pg value f o r  the outer  p lane ts  would probably 
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a r r i v e  a t  something l i k e  10 and t h a t  t he  s t e r i l i z a t i o n  requirements f o r  
Ti tan  spacecraf t  would be l i t t l e  i f  any more demanding than the Viking 
protocol .  He thought t h a t  i n  order  t o  increase  the  l e t h a l i t y  t o  the  so 
c a l l e d  hardy organisms the  terminal s t e r i l i z a t i o n  temperature requirements 
might be increased 30 o r  4OC. Otherwise, he was confident  t h a t  t he  Viking 
design, manufacture, assembly and terminal  s t e r i l i z a t i o n  procedures would be 
adequate f o r  T i t an  mission hardware. 
Having used the guide l ines  ou t l i ned  above during t h i s  s tudy,  we checked 
back with D r .  Young j u s t  before publ ica t ion  of t h i s  r e p o r t  t o  determine 
whether or no t  the recommendations changed a s  the  r e s u l t  of t he  National 
Academy of Sciences panel meeting. The NAS panel t o  review ou te r  p lane t  
quarant ine p o l i c i e s  met during the  week of March 8-12, 1976. The u n o f f i c i a l  
r e s u l t s  did i n  f a c t  r e f l e c t  a  f u r t h e r  reduct ion i n  the recommended Pg value 
fo r  Ti tan .  The outer  p lane t  recommendations ranged from t o  lo-'' and 
Ti tan  was included i n  t h a t  range. These l e v e l s  would not  r equ i r e  s t e r i l i -  
za t ion  of spacecraf t .  D r .  Young f e l t  t h a t  the condit ions a t  T i tan  may y e t  
inf luence COSPAR, which w i l l  meet i n  June, t o  e s t a b l i s h  a s p e c i a l ,  h igher ,  
Pg value f o r  t h a t  s a t e l l i t e .  
Young did s t a t e  t h a t  he would recommend c lean  room assembly and bio-  
burden con t ro l  procedures f o r  a l l  ou ter  planet  spacec ra f t  equivalent  t o  
those employed on the Viking ' 75  program. This he s a i d  was good p rac t i ce  
even though terminal s t e r i l i z a t i o n  i s  no t  required.  
D r .  Young sa id  f i n a l l y ,  t h a t  the  very low Pg values assigned t o  Ti tan  
do no t  mean t h a t  the search f o r  l i f e  on t h a t  body i s  no longer a v a l i d  issue.  
The predic t ion  t h a t  t e r r e s t i a l  organism w i l l  n o t  grow does n o t  preclude the 
exis tence of indigenous l i f e  forms. Therefore, i f  a spacec ra f t  i s  t o  
ca r ry  any form of l i f e  de t ec t ion  experiment, then  s t e r i l i z a t i o n  procedures 
w i l l  undoubtedly be imposed t o  prevent self-contamination. 
For s t e r i l i z e d  s p a c e c r a f t ,  b u i l d  and t e s t  c y c l e s  a r e  such t h a t  f i n a l  
des ign  and f a b r i c a t i o n  of sc ience  ins t ruments  must begin  n o t  l a t e r  t h a n  
3 y e a r s  p r i o r  t o  launch. Normally a bread board des ign  and t e s t  phase of 
two o r  more y e a r s  precedes  f i n a l  s e l e c t i o n  of payload ins t ruments .  There- 
f o r e ,  wi th  f l i g h t  t imes  t o  T i t a n  of 5 t o  7 years, t h e  span between i n s t r u -  
ment concept and ob ta ined  r e s u l t s  i s  roughly one decade.  
T h i s  emphasizes t h e  need f o r  p lanning miss ions  designed t o  accomplish 
more i n  a s i n g l e  mission t h a n  has been t h e  p r a c t i c e  i n  t h e  p a s t .  
111. APPLICATION OF NEW TECHNOLOGY 'ID TITAN EXPLORATION 
A .  KEY CHALLENGES AND STIMULI: 
In a d d i t i o n  t o  achieving payload weights compatible with launch 
vehic le  and spacecraf t  c a p a b i l i t i e s ,  th ree  f a c t o r s  t h a t  most s i g n i f i c a n t l y  
i n £  Luence the  approach t o  T i t a n  explorat ion from an  engineering s tandpoin t  
a re :  
o  The long period between missions (10 years  i f  each mission i s  
based on r e s u l t s  of previous missions). 
o Uncertaint ies  concerning T i t a n ' s  ephemeris, atmospheric dens i ty ,  
and surface.  
o  The long communication range t o  Earth.  
The t r i a l  mission design s tud ie s  (Appendix B) revealed t h a t  a t tempting 
t o  accommodate i n  a  f ixed  design the  unce r t a in t i e s  i n  the na ture  of T i t a n ' s  
atmosphere and i t s  sur face  w i l l  r e s u l t  i n  an i n e f f i c i e n t  system. These 
unce r t a in t i e s  a l s o  present  major challenges i n  t he  a rea  of science i n s t r u -  
ment design and mechanization. Although it i s  un l ike ly  t h a t  a s  l a rge  an 
uncer ta in ty  band w i l l  e x i s t  a t  the  time T i t an  missions a r e  i n i t i a t e d ,  che 
unce r t a in t i e s  a r e  s t i l l  a dominant f ac to r  i n  the planning and design, of 
T i t an  missions. 
Consideration of the  above f a c t o r s  has led  t o  some general conclueions 
about Titan explorat ion.  
1)  Due t o  the long wait between missions, i t  i s  des i r ab l e  to  
develop the a b i l i t y  t o  obta in  o rb i te r ,  probe, and Landed sc ience  da t a  i n  
a s i n g l e  mission ins tead  of sequent ia l ly .  
2 )  A s  much da t a  a s  poss ib le  should be obtained remotely i n  view of 
the r i s k s  to lander  spacec ra f t  su rv iva l  imposed by t h e  u n c e r t a i n t i e s  i n  
atmosphere and sur face  condit ions.  Therefore,  advanced orbiters and/or 
f lyby  vehic les  capable of d e t a i l e d  atmosphere and su r f ace  inves t iga t ion  
should be developed. 
3) Advanced probe and lander  spacec ra f t  capable of adap t ive ly  deal ing 
with the  u n c e r t a i n t i e s  i n  atmospheric and sur face  condit ions should be 
developed. This is  des i r ab l e  s ince  a l l  sc ience  ob jec t ives  cannot be m e t  
with remote sensing techniques even with advanced technology spacecraf t .  
The adapt ive  probellander spacec ra f t  should however be designed t o  take 
advantage of updated information from the remote sensing spacecraf t .  The 
ul t imate  veh ic l e  of t h i s  type would be one t h a t  i n i t i a l l y  per forms remote 
sensing from o r b i t  and subsequently e f f e c t s  an  atmospheric en t ry  and 
landing on T i t a n ' s  sur face .  
Based on these  conclusions, s eve ra l  approaches t o  Ti tan  explora t ion  
appear t o  warrant emphasis. These a r e  a combined o rb i t e r lp robe l l ande r  
vehic le ,  an advanced Titan-dedicated o r b i t i n g  vehic le ,  and a combined 
penet ra tor /probe  vehic le .  I n  add i t i on ,  a number of new techniques o r  
exr rapola t ions  of e x i s t i n g  techniques have been i d e n t i f i e d  t h a t  e i t h e r  
support  the  implementation of the above concepts o r  enhance the  performance 
of the more conventional T i t a n  explora t ion  systems defined i n  the  t r i a l  
mission s tud ie s  , Appendix B. 
The following paragraphs conta in  desc r ip t ions  of  the  concepts and 
ideas ,  evaluat ions of t h e i r  p o t e n t i a l  b e n e f i t  t o  T i t a n  explorat ion,  and 
recommendations as t o  t h e i r  f u r t h e r  development. 
B .  RECOMMENDED MISSION MODES 
1. Ti tan  ~ r b i t e r / ~ r o b e / L a n d e r  Vehicle (TOPL) 
This  multipurpose explora t ion  vehic le  concept i s  i l l u s t r a t e d  schematical ly  
i n  Figure 111-1. I n i t i a l l y ,  s t e p  1 of Figure 111-1, the TOPL vehic le  i s  
c a r r i e d  i n t o  Sa turn  o r b i t  by the  Sa turn  o r b i t e r  which has served a s  t h e  
c r u i s e  vehic le  o r  bus. This  i s  f e a s i b l e  s ince  i t  i s  .est imated t h a t  t he  
TOPL vehic le  can be designed f o r  150 Kg o r  l e s s .  The period of t h i s  
ibit ial  Sa turn  o r b i t  i s  decreased by successive T i t a n  Swingbys and small 
AV maneuvers u n t i l  a more optimum s i t u a t i o n  e x i s t s  f o r  i n s e r t i o n  of the 
TOPL i n t o  a c lose  o r b i t  about Ti tan ,  S tep  2 of Figure 111-1. From t h i s  
o r b i t  a period of remote sensing of T i t a n ' s  su r f ace  and atmosphere takes 
place. This  might include microwave radiometer readings t o  determine the  
na ture  of sur face  i c e s  a s  wel l  as high r e so lu t ion  sur face  imaging and 
g rav i ty  f i e l d  experiments. An R E  powered, three-axis  s t a b i l i z e d  design 
is  envisioned t h a t  can be o r i en t ed  t o  focus the  veh ic l e ' s  instruments 
toward T i t an  o r  i t s  antenna toward the mother spacecraf t .  
Af t e r  completing t h e  o r b i t a l  phase, the  TOPL vehic le  i s  def lec ted  i n t o  
an  en t ry  t r a j e c t o r y ,  s t e p  3. This is  f e a s i b l e  f o r  a vehicle  designed 
e s s e n t i a l l y  as an  o r b i t e r  because of t he  low en t ry  ve loc i ty  (- 1.7 km/sec), 
the shallow en t ry  angle  ( lY1(gO), and the  l a rge  sca l e  he ight  of T i t a n ' s  
atmosphere. These f a c t o r s  r e s u l t  i n  peak e n t r y  heat ing,  dynamic pressure,  
and dece lera t ions  t h a t  a r e  very low, 0.6 watts/cm2, 300 ~ / c r n ~  and 0.4 . 
Earth G's respec t ive ly .  Therefore,  no en t ry  a e r o s h e l l  o r  hea t sh i e ld  is  
requi red  and veh ic l e  a t t i t u d e  can be maintained during en t ry  by the  ACS 
system used f o r  o r b i t a l  operat ions.  

During descent,  probe type data  i s  co l l ec t ed ,  s t e p  4, and a f t e r  a 
r e l a t i v e l y  low ve loc i ty  landing (11 m/s) , the landed sc ience  experiments 
a r e  i n i t i a t e d ,  s t e p  5. During a l l  phases of the mission a f t e r  separa t ion  
from the  mother spaceship (Saturn o r b i t e r ) ,  communications from the  TOPL 
vehic le  a r e  via r e l a y  l i n k  through the  mother ship.  
Further  desc r ip t ions  of the  various aspec ts  of t he  TOPL concept a r e  
contained i n  the following paragraphs. 
a .  Conf i ~ u r a t i o n  and Mechanical Subsystems 
The keys to  the f e a s i b i l i t y  of a spacec ra f t  designed as an  o r b i t e r  
a l s o  en ter ing  and landing a r e  the  low ve loc i ty  of t h e  Ti tan  o r b i t e r  and 
hence, the low en t ry  ve loc i ty ,  and the gradual bu i ld  up of T i t an ' s  atmos- 
p h e r e ( i t s  l a rge  sca le  height) .  It appears t h a t  a 1000 km pe r i aps i s  a l t i - '  
tude by 12-hour period e l l i p t i c a l  o r b i t  i s  appropiate  f o r  remote sensing 
( the  o r b i t  s e l ec t ion  and i n s e r t i o n  opt ions a r e  discussed i n  Sec t ion  2 t h a t  f o l -  
lows). Entry can be i n i t i a t e d  d i r e c t l y  from t h i s  12-hour o r b i t  o r ,  t o  f u r t h e r  
reduce the  e n t r y  seve r i ty ,  can be i n i t i a t e d  a f t e r  c i r c u l a r i z a t i o n  a t  the 
1000 Km a l t i t u d e .  For t h e  l a t t e r  case,  the o r b i t a l  ve loc i ty  is only 1.58 
km/sec (5,200 fps ) ,  with e n t r y  ve loc i ty  being s l i g h t l y  g rea t e r  depending 
on how far out  the atmosphere extends. 
The extent  of T i t a n ' s  atmosphere i s  i l l u s t r a t e d  i n  Figure 111-2. 
Depending on the  atmosphere model, it can be seen from t h i s  f i gu re  t h a t  
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the s ens ib l e  atmosphere, p = 10 gm/crn , extends out  to  from 400 to 700 
Km on Ti tan  whereas on Earth and Mars i t  extends only t o  t he  order  of 100 
Km. The s c a l e  he ight  of T i t a n ' s  atmosphere, i . e . ,  the a l t i t u d e  span i n  
which dens i ty  changes by a f ac to r  of e, i s  t he re fo re  la rge  by com- 
parison with Earth and Mars, 50 Km versus 6 or  7 Km. This s i g n i f i c a n t l y  
reduces t h e  en t ry  s e v e r i t y  a t  T i tan .  
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Several  opt ions a r e  a v a i l a b l e  f o r  en t e r ing  T i t an ' s  atmosphere from 
the  1000 Km c i r c u l a r  o r b i t .  The TOPL can be given a small r e t r o  impulse 
a t  apoapsis  causing it t o  d ip  down during pe r i aps i s  passage and skim 
through the  outer  edge of the  atmosphere. Some energy would be removed 
although hea t ing  and dynamic pressures  would be minimal due t o  t he  low 
ve loc i ty .  Apoapsis would thus gradual ly  be reduced and an o r b i t a l  decay 
en t ry  would r e s u l t .  Tracking t h i s  t r a j e c t o r y  from t h e  mother ship would, 
a long with on-board accelerometer da t a ,  y i e l d  the atmospheric dens i ty  
p r o f i l e .  The po ten t i a l  f o r  a l a r g e  t ime-intergrated h e a t  input  e x i s t s  fo r  
t h i s  type of en t ry ,  bu t  f o r  T i t a n  en t ry  the  f lux  l e v e l s  w i l l  be low enough 
t h a t  metal sur faces  a t  moderate temperatures could r e r a d i a t e  most of the 
hea t .  Thus the vehic le  would no t  experience a l a r g e  in tegra ted  h e a t  load. 
A disadvantage of t h i s  en t ry  mode i s  t h a t  f i n a l  l oca t ion  of the 
u l t imate  v e r t i c a l  descent  and landing would not  be r e a d i l y  pred ic tab le .  
A second e n t r y  mode, and the one prefer red ,  involves providing r e t r o  a t  
apoapsis t o  lower p e r i a p s i s  a l t i t u d e  t o  zero. This  o r b i t  would 
in t e rcep t  the  outer  edge of t he  atmosphere a t  a s l i g h t l y  s teeper  
angle  than i n  the  o r b i t a l  decay mode, depending on t h e  a c t u a l  ex ten t  
of t he  atmosphere encountered, but  t h e  angle w i l l  s t i l l  be small ,  s ee  
0 Figure 111-3. For t h i s  mode, landing occurs about 120' t o  150 from 
apoapsis .  An enlarged view of the e n t r y  and descent  region,  Figure 111-4, 
shows t h a t  f o r  the Thick model atmosphere the e f f e c t  of the atmosphere i s  
f e l t  a t  about  250 Km. 
Since the  f e a s i b i l i t y  of the TOPL concept depends t o  a l a rge  
extend on n o t  having t o  provide an  e n t r y  vehic le  wi th  a n  a e r o s h e l l  and 
h e a t  sh i e ld ,  an  e n t r y  t r a j e c t o r y  was analyzed f o r  t he  Thick model atmosphere 
which represents  t he  worst  case  s ince  i t  exh ib i t s  the  sma l l e s t  s c a l e  height .  
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The r e s u l t i n g  dynamic pressure  and dece l e ra t ion  pulses  f o r  t h i s  case a r e  
p lo t ted  i n  Figure 111-5, and the hea t ing  pulse is shown i n  Figure 111-6. 
These f i g u r e s  show t h a t  peak hea t ing  (coldwall) ,  peak g's, and peak dynamic 
2 2 pressure a r e  .57 wattslcm , .398 g ' s ,  and 305 N/m , r e spec t ive ly .  I f  the  
Thin atmosphere i s  encountered, the  i n i t i a l  en t ry  angle  w i l l  be s l i g h t l y  
s teeper  bu t  the  lower e n t r y  v e l o c i t y  ( f a r t h e r  from pe r i aps i s )  and l a r g e r  
s c a l e  he igh t  more than o f f s e t  t h i s  e f f e c t  and a l e s s  severe  en t ry  r e s u l t s .  
The peak coldwall h e a t  f l u x  on the body of t he  vehic le  produces a sur face  
equi l ibr ium temperature of 260 '~  which is  compatible wi th  l ight-weight  
metal s t r u c t u r e s .  Exposed t r u s s  members wi th  small diameters would g e t  
0 h o t t e r  bu t  would no t  exceed, unprotected,  a value of 500 C. Spray coa t ings  
of subliming ma te r i a l s  could be used t o  reduce t h i s  temperature, bu t  t hese  
would induce t h e  p o t e n t i a l  fo r  contamination and consequently l a rge  
diameter s t r u c t u r a l  elements should be u t i l i z e d .  
The vehic le  body a x i s  can be kept  a l igned  wi th  the  ve loc i ty  vector  
through peak hea t ing  with the  RCS system t h a t  performs o r b i t a l  opera t ions  
s ince  the maximum dynamic pressure i s  small. 
On reaching subsonic v e l o c i t i e s  a small, g-switch-operated-drogue 
device would o r i e n t  the vehic le  to  t he  l o c a l  v e r t i c a l .  This aerodynamically 
es tab l i shed  l o c a l  v e r t i c a l  d i r e c t i o n  would a l s o  be used t o  update the  on- 
board gyro a t t i t u d e  re ference  system (by averaging t h e  a t t i t u d e  through a 
of o s c i l l a t i o n s ) .  Mass spectrometer,  pressure,  tempterature,  radiometer,  
and cloud sensor instruments would func t ion  during the  descent.  Their  
operat ion would be enhanced r e l a t i v e  t o  conventional probe designs by 
t h e  absence of outgassing from a b l a t i v e  h e a t  s h i e l d  ma te r i a l s .  
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Landing ve loc i ty ,  f o r  t h e  nominal atmosphere, would be 11 m / s  
based on just the drag of the bas ic  vehic le  ( t h i s  compares t o  the w 7 m/s 
ve loc i ty  repor ted  by the  Sovie ts  i n  t h e i r  recent  Venus landers  and t h e  4 
m / s  planned f o r  the Viking Lander). For t h i s  ve loc i ty  a simple shock 
absorbing r i n g  located forward of t h e  vehicle  could be designed 
t o  reduce landing loads t o  values compatible with landing s t a b i l i t y  
and the  opera t ion  of cameras and other  landed science experiments and t h e i r  
supporting e l ec t ron ic s .  Such a r i n g  could a l s o  be designed as a pontoon 
t o  serve as a f l o t a t i o n  system i n  t h e  event a l i q u i d  sur face  i s  encountered. 
A l t e rna t ive ly ,  a crushable pad could be provided t h a t  would a l s o  serve  
t o  i n s u l a t e  t he  body during the  aero-heating phase. These opt ions a r e  
shown i n  Figure 111-7, and an  estimated mass breakdown i s  given i n  Table 
111-1. Figure 111-8 shows seve ra l  possible  vers ions  of the  vehic le  during 
the descent  phase, including a t r a c t o r  rocket  braking version and opt iona l  
antenna configurat ions.  The s m a l l  drogue parachute shown i n  these views 
serves pr imari ly  t o  provide a v e r t i c a l  a t t i t u d e  re ference  b u t  i t  a l s o  
could be enlarged and serve a s  a n  a l t e r n a t i v e  t o  propulsive braking i n  
the  event a th in  model atmosphere is  encountered. 
From the foregoing eva lua t ion ,  i t  appears that the f ea tu re s  required 
t o  make a Ti tan  o r b i t e r  a l s o  perform en t ry  probe and lander  funct ions can 
be kept t o  a bare minimum. The o ther  c r i t i c a l  a spec t s  of t he  TOPL concept 
a r e  the T i t an  o r b i t  i n se r t i on  requirements,  discussed l a t e r  i n  Sect ion 2 ,  and 
the a p p l i c a b i l i t y  of using the mothership, i n  o r b i t  around Saturn, a s  a r e l a y  
communications s t a t i o n .  This l a t t e r  s i t u a t i o n  i s  discussed next.  
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Table I11 - L Estimated Mass Breakdown fo r  the  TOPL Vehicle 
ITEM MASS, kg 
Orb i t a l  Science 6 
Descent Phase Science ('1 8 
Landed Science (2) 22 
Elec t ronics  Systems (2) 
(Communications , Power, Data Hand1 ing) 
S t ruc tu re  and Mechanical Systems (2) 46 
Att i tude  Control (including RCS system) 18 
Terminal Descent Propulsion - 10 
TOTAL 150 
(1) Assumes shared equipment with landed science,  e .g . ,  
mass spectrometer 
(2) Based on achieving f ac to r  of two improvement i n  
Viking '75 lander  science mass and volume requirements 

b. Communications Geometry Between a T i t a n  Lander and a Sa turn  Orb i t e r  
Severa l  op t ions  a r e  poss ib le  f o r  communicating between Earth and 
a T i t a n  lander.  It may be f e a s i b l e  t o  e s t a b l i s h  a d i r e c t  l i n k  f o r  periods 
approaching h a l f  t he  Ti tan  day (about 8 Ear th  days i f  T i t a n  is  face-locked 
t o  Saturn) with comparable i n t e r v a l s  of communication outage. I f  a support ing 
spacec ra f t  i s  maintained i n  T i t an  o r b i t ,  lander  communications could be 
relayed fo r  s eve ra l  hours a day without long-duration in t e r rup t ions .  A 
t h i r d  a l t e r n a t i v e  would involve r e l a y  v i a  a Saturn o r b i t i n g  spacec ra f t  
posi t ioned i n  an  appropr ia te  o r b i t .  This l a t t e r  opt ion may be p a r t i c u l a r l y  
app l i cab le  t o  the  TOPL concept i n  which the  e n t i r e  T i t an  o r b i t e r  space- 
c r a f t  i s  subsequently committed t o  the  T i t an  surface.  
Typical T i t a n  mission communications geometry begins with the 
approach t o  T i t an  from a coplanar  o r b i t  having a high apoapsis  rad ius .  
Tangential  T i t an  encounter f o r  t h i s  case corresponds t o  a r e l a t i v e  approach 
v e l o c i t y  of about 1.73 km./sec. P r io r  t o  T i t an  encounter, T i t an  o r b i t e r  
and/or  lander  vehic les  can be deployed from the  primary Saturn spacec ra f t .  
Also, with s l i g h t l y  d i f f e r e n t  t a rge t ing ,  t he  Saturn o r b i t e r  can u t i l i z e  
the Ti tan f lyby  t o  produce a n  o r b i t  per iod th ree  times t h a t  of Ti tan.  
This  commensurate o r b i t  w a s  examined fo r  communication r e l a y  c h a r a c t e r i s t i c s .  
P lane tocent r ic  motion of T i t an  and spacec ra f t  following the  Ti tan  
swingby a r e  shown on Figure 111-9. For t h i s  ana lys i s ,  T i t an  g rav i ty  e f f e c t s  
a f t e r  the swingby were neglected;  i . e . ,  3-body in t eg ra t ions  were not  
performed. The r e s u l t i n g  inaccuracy o f  r e l a t i v e  motion while the space- 
c r a f t  o r b i t  i s  near  t h a t  of T i t an  i s  no t  of f i r s t - o r d e r  s ign i f i cance  t o  
primary communication cons idera t ions .  

Separat ion d i s t ance  between Ti tan  and the spacec ra f t  a r e  shown 
f o r  t he  f i r s t  week following Ti tan  encounter. Also, information regarding 
point ing angles  from a f ixed  longi tude on the  T i t an  su r f ace  and from the  
Saturn o r b i t i n g  spacec ra f t  can be derived f r m  the f igu re .  The geometries 
depicted r e f l e c t  t h e  a r b i t r a r y  choice of de f l ec t ing  the T i t an  r e l a t i v e  
ve loc i ty  inward with the r e s u l t  t h a t  t he  Saturn o r b i t e r  pe r i aps i s  occurs 
s h o r t l y  a f t e r  t h e  T i t a n  swingby event .  For t he  a l t e r n a t i v e  case of out-  
ward de f l ec t ion ,  apoapsis  would occur f i r s t  and pe r i aps i s  would be defer red  
u n t i l  s h o r t l y  before the next  Ti tan  encounter. 
About a week a f t e r  T i t an  swingby, communication range exceeds 1 
mi l l i on  km. Subsequently, a t  about 24 days, t he  Saturn o r b i t e r  and Ti tan  
a r e  i n  Saturn opposi t ion and separa t ion  has increased t o  over 5 m i l l i o n  km. 
While communication a t  ranges of t h i s  magnitude may be f e a s i b l e ,  primary 
i n t e r e s t  has  been d i r ec t ed  a t  the  sho r t e r  ranges, Such condit ions occur 
aga in  as the Saturn o r b i t e r  completes i t  approximately 48-day o r b i t .  
Geometries f o r  the week preceding T i t an  re-encounter a r e  included 
i n  Figure 111-9. This period i s  more l i k e l y  t o  be r e l evan t  t o  sur face  
communications i f  a n  in te r im T i t an  o r b i t ,  wi th  assoc ia ted  time impl ica t ions ,  
has  preceded the landing operat ion,  Conversely, a d i r e c t  e n t r y  lander 
could be supported by the  e a r l i e r  communication opportunity.  A s  shown 
by the f i g u r e ,  t he  f i r s t  period following Ti tan  swingby favors  communica- 
t i o n  with the  forward hemisphere of Ti tan.  A t  T i tan  re-encounter,  t h e  
outward hemisphere dominates the  short-range view. Such f a c t o r s  would 
be of importance t o  t o t a l  mission design and would i n t e r a c t  with o ther  
mat te rs  such a s  landing s i t e  preference. A s  mentioned e a r l i e r ,  the opt ion 
e x i s t s  before the  T i t an  swingby (following observat ions from f lybys)  t o  
reverse  the swingby de f l ec t ion  and hence the sequence of t h e  two geometry 
segments depicted on Figure 111-9. 
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The o r b i t  of the Saturn o r b i t i n g  spacecraf t  could be ad jus ted  
p r io r  t o  re-encounter f o r  purposes of avoiding the  T i t an  g rav i ty  f i e l d  
( t o  maintain the p r io r  o r b i t )  o r  t o  produce con t ro l l ed  de f l ec t ion  t o  a 
d i f f e r e n t  o r b i t  with super ior  communication r e l a y  c h a r a c t e r i s t i c s .  For 
example, a second T i t an  swingby can reduce the period of the Saturn o r b i t i n g  
spacecraf t  t o  t h a t  of Ti tan.  As shown i n  Figure 111-10, t h i s  l a t t e r  o r b i t  
remains i n  c lo se r  proximity t o  T i t an  wi th  a maximum communication range 
of about 1.5 mi l l i on  Km. Over the  T i t an  period of about  16 days, the  
Saturn o r b i t e r  view of Ti tan  s h i f t s  from the in s ide  forward quadrant of 
T i t an  t o  the outs ide  forward quadrant.  Reversal of the view to  favor the 
t r a i l i n g  hemisphere of T i t an  could be achieved i f  the  outward de f l ec t ion  
opt ion had been e l ec t ed  f o r  both the f i r s t  and second swingbys. 
Further  improvement of communication geometry can be accomplished 
by using Titan grav i ty  t o  d e f l e c t  t he  r e l a t i v e  ve loc i ty  vector  out of the  
Ti tan  o r b i t  plane. I n  the case  of T i t an  r e l a t i v e  ve loc i ty  equal t o  1.73 
kmjsec, two more Ti tan  swingbys a r e  required a f t e r  the spacec ra f t  o r b i t  
period has been reduced t o  t h a t  of Ti tan .  The f i n a l  inc l ined  o r b i t  i s  
c i r c u l a r  and the spacec ra f t  o r b i t  period remains equal t o  t h a t  of Ti tan .  
For another example case (discussed i n  Sect ion 2 t h a t  follows) r e l a t i v e  
ve loc i ty  i s  reduced t o  0.95 kmjsec, and a s ing le  T i t an  swingby i s  
s u f f i c i e n t  t o  d e f l e c t  a co-planar o r b i t  to  the f u l l y  inc l ined  condit ion.  
Figure 111-11 dep ic t s  r e l a t i v e  motion of the foregoing cases  f o r  
the  f i r s t  h a l f  o r b i t  following establishment of Titan-period inc l ined  
o r b i t s .  As shown, the maximum communication ranges t o  T i t an  su t f ace  
loca t ions  i n  the ad jacent  hemisphere a r e  about 380,000 km and 210,000 km 
f o r  the two examples. These d i s t ances  correspond t o  about  140 and 80 Ti tan  
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Fig. 111-10 Spacecraf t  Orbi t  Period = Ti t an  Orbi t  Period, 
Go-Planar With T i t an  
r a d i i  r e spec t ive ly  which place the  Ti tan-orb i t ing  spacec ra f t  beyond t h e  
region of apprec iab le  T i t an  gravi ty .  However, s u f f i c i e n t  time would be 
spent  wel l  wi th in  the  Ti tan  sphere of in f luence  t o  introduce s i g n i f i c a n t  
e r r o r  i n  the presenta t ion  of Figure 111-11. Valid analyses  would r e q u i r e  
3-body t reatment  of t h e  problems and a r e  beyond the  scope of t h i s  study. 
In  view of t he  apparent  communication advantages of synchronous i n c l i n e d  
o r b i t s ,  such analyses  would be  valuable  f o r  d e t a i l e d  mission design s tud ie s .  
\ 7 o r b i t  a r e  neglected. 
T i t an  Swingby 
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F ig .  111-11 Rela t ive  Motion Between Ti tan  and C i rcu la r ,  Inc l ined  
Spacecraf t  Orbi t s  With Period = Ti t an  Period 
Further  improvement (and complexity) could be introduced by con- 
s i d e r a t i o n  of con t ro l l i ng  T i t a n  swingbys t o  produce somewhat imperfect 
synchronization with T i t an ;  r e s idua l  e c c e n t r i c i t y ,  period discrepancy, e t c .  
For these  cases ,  subsequent small v e l o c i t y  maneuvers could e s t a b l i s h  semi- 
s t a b l e  repea t ing  o r b i t s  which would c i r c u l a t e  i n  the v i c i n i t y  of T i t an  
without a c t u a l l y  being i n  T i t an  o r b i t .  Due t o  the  s i g n i f i c a n t  mass of 
Ti tan,  complete 3-body analyses  would be necessary f o r  meaningful a s se s s -  
ment of such communication r e l a y  o r b i t s .  
c. Relay Data Links f o r  a T i t an  Orbi te r  and Lander 
To e s t a b l i s h  t h a t  the transmission of s i z a b l e  amounts of data  from 
a power l imi t ed  T i t an  Orb i t e r ,  l ander ,  o r  combination vehic le  (TOPL) i s  
f ea s ib l e ,  r e l a y  da t a  l i n k  designs were performed f o r  s eve ra l  cases  based 
on the r e l a t i v e  geometry developed i n  the previous sec t ion .  
1 )  Case 1 - T i t a n  Orb i t e r  t o  48-day period Saturn Orb i t e r  
Data l i n k  designs were performed fo r  80 W of RF power a t  1 GHz 
with the  communication geometries r e s u l t i n g  from a 12-hour o r b i t  for  the 
T i t an  o r b i t e r  and a 48-day o r b i t  f o r  the  Saturn o r b i t e r ,  Figure 111-9. 
The ranges and a spec t  angles  f o r  the  second and fou r th  days were used t o  
determine data  r a t e s  for  t he  f ixed  amount of output power. The r e s u l t s  
a r e  shown i n  Table 111-2. A 0.6 m (2-ft .)  d i sh  antenna was used on the  
T i t an  o r b i t e r  having the c a p a b i l i t y  of t racking  the Saturn o r b i t e r .  The 
Saturn o r b i t e r  i s  sp in - s t ab i l i zed  with a 65' beamwidth antenna a l igned  
p a r a l l e l  t o  the sp in  a x i s .  A s  seen i n  the  tab le ,  80 W can s u s t a i n  a 
data  r a t e  of 400 bps out  t o  day 2 and 125 bps a t  day 4 where the  range is  
r ap id ly  increasing.  These r e l a t i v e l y  high da ta  r a t e s  r e s u l t  from t h e  high 
gain of the  T i t an  o r b i t e r  antenna which i s  or ien ted  t o  t r a c k  the  Saturn o r b i t e r  
during these  periods.  
TABLE 111-2 Relay Link Designs f o r  T i t a n  O r b i t e r  t o  Saturn  Orb i t e r  
PARAMETER 
POLARIZATXON LOSS (dB) - - - - - - - - - - - - - - - 
ANTENNA PATTERN RIPPLE LOSS (dB) - - - - - - - - - - 
RECEIVING ANTENNA G A I N  (dB)- - - - - - -' - - - - - - 
RECEIVING CIRCUIT LOSS (dB)- - - - - - - - - - - - - 
FADING LOSS (dB) - - - - - - - - - - - - - - - - - - 
PROCESSING LOSS (dB) - - - - - - - - - - - - - - - - 
COM)ITIONS: 1, T i t an  Orbi ter - to-48 day period Saturn  O r b i t e r  r e l a y  l i n k  geometry 
2 .  PCM/FSK/PM non-coherent modulation, BT=2 
3. Sp in - s tab i l i zed  Saturn  o r b i t e r  - f ixed a l t i t u d e  during the  4 days considered 
4. Convolutional encoding, V i t e r b i  decoding, Rate = 1/2  
NOTATIONS : 8 Beam width 
O Angle away from max gain  po in t  
2) Case 2 - Ti t an  Lander to  48-Day Period Saturn Orbi te r  
The second case  considers  communication between a  lander  and 
the  Saturn o r b i t e r  i n  a 48-day o r b i t  around Saturn. The o r b i t e r  is  aga in  
assumed t o  be sp in - s t ab i l i zed  wi th  a 65' beam width rece iv ing  antenna and 
the  communication geometry i s  a s  descr ibed i n  Figure 111-9, above. The 
major d i f f e r ence  is t h a t  t he  lander  antenna is here assumed t o  be f ixed ,  
and aspec t  angles  t o  the o r b i t e r  t he re fo re  increase with each day from 
pe r i aps i s .  The computed da t a  r a t e s  a t  day 2 and 4 f o r  80 W of RF power 
a r e  shown i n  Table 111-3. A data r a t e  of 225 bps is found t o  be s u f f i c i e n t  
t o  t ransmit  19.4 mega-bits of da ta  i n  one day (enough t o  t ransmit  20 T.V. 
p i c tu re s ) .  As seen from the t ab l e ,  t he  da ta  r a t e  i s  decreased t o  7 bps a t  
day 4 due t o  the increas ing  range and a spec t  angle  t o  t h e  Sa turn  o r b i t e r .  
A t racking antenna on the  lander  would o f f e r  some improvement. 
3) Case 3 - Ti t an  Lander t o  Out-of-Plane Sa turn  Orbi te r  wi th  a  
16-Day Orb i t  Period (Period Equal t o  T i t ans )  
The t h i r d  case considered involves the  geometry described i n  
Figure 111-11 wherein a  range of 400,000 km i s  n o t  exceeded a t  any time 
i n  the r e l a y  s p a c e c r a f t ' s  o r b i t  and the a spec t  angle  s t a y s  small .  This 
s i t u a t i o n  is much b e t t e r  from the s tandpoin t  t h a t  data  can be t ransmi t ted  
over a  longer span s ince  a  biology mission requi res  16 days ( to  a s s e s s  l i f e  
growth r eac t ions )  and seismology missions r equ i r e  much g r e a t e r  times. A 
disadvantage of t h i s  geometry l i e s  i n  the  f a c t  t h a t  i f  t he  landing s i t e  
i s  posi t ioned t o  be optimum f o r  one h a l f  of T i t an ' s  o r b i t ,  the  r e l a y  S/C 
w i l l  be out  of s i g h t  during the  o ther  ha l f  of the o r b i t .  However, i t  
may be possible  t o  avoid t h i s  s i t u a t i o n  by f u r t h e r  a d j u s t i n g  the o r b i t  
synchranizat ion as discussed i n  Sec t ion  b. above. 
TABLE 111-3 Relay Link Designs for Titan Lander and Saturn Orbiter 
PARAMETER 
PROCESSING LOSS (dB) - - - - - - - - - - - - - - - - 
CONDITIONS: 1. Titan lander to 48-day period Saturn orbiter geometry 
2 .  PcM/FSK/PM non-coherent modulation, BTS2 
3. Spin-stabilized Saturn orbiter 
4.  Convolutional encoding, Viterbi decoding, Rate = 112 
For t h i s  r e l a y  geometry, a higher  gain rece iv ing  antenna can 
be used on the r e l a y  spacec ra f t  and the  80 W of lander  RF power is  found t o  
s u s t a i n  a da ta  r a t e  of 370 bps (see Table 111-4) versus the 225 bps of 
the previous example. This  i s  s u f f i c i e n t  t o  send over 31 megabits of da ta  
i n  24 hrs .  A l t e rna t ive ly ,  i f  a da ta  r a t e  of 225 bps i s  adequate,  only 48 W 
of RF power i s  required a s  opposed to  80 w a t t s  f o r  t he  previous case. I f  the 
range is  fu r the r  reduced a s  appears poss ib le ,  see  Figure 111-11, a n  RF power 
of 22 W w i l l  produce a data  r a t e  of 370 bps. 
From these analyses  the modest amount of mass a l l oca t ed  t o  t he  communi- 
ca t ions  system i n  s i z i n g  the TOPL conf igura t ions  i n  Sec t ion  a appears reasonable 
even f o r  f a i r l y  ambitious sc ience  ob jec t ives .  
2. Advanced Remote Sensing Orb i t e r s  (ARSO) 
The TOPL concept f o r  T i t an  explora t ion  described i n  the preceding 
sec t ion  was developed t o  provide e a r l y  answers t o  the important science 
quest ions and t o  funct ion i n  s p i t e  of unce r t a in t i e s  i n  T i t an  atmosphere o r  
surface condit ions.  There i s  another  school of thought among those 
involved i n  planning planetary explora t ion  missions t h a t  favors advanced 
o r b i t i n g  vehic les  t o  accomplish the  same objec t ives .  An o rb i t i ng  vehic le  
would of course be l e s s  vulnerable  t o  f a i l u r e  due t o  the unce r t a in t i e s  
of the atmosphere o r  sur face  bu t  the  quest ion is  whether o r  no t  it can 
adequately answer the  high p r i o r i t y  science quest ions,  
The spacec ra f t  i n  t h i s  case  might e i t h e r  be a Ti tan  o r b i t e r  whose 
opera t ion  would be s imi l a r  t o  the  o r b i t a l  phase of the TOPL vehic le  mission, 
o r  a Sa turn  o r b i t e r  t h a t  remains i n  c lo se  proximity t o  Ti tan.  
TABLE 1114 Close T i t a n  O r b i t  Relay Link 
PROBE TELEMENTRY DESIGN CONTROL TABLE 
PARAMET W NOMINAL ADVERSE 
VALUE TOLERANCE REMARKS 
Tota l  Transmitter  Power, dgW 19.0 - 0.1 f= l G H z ,  80W 
Transmitt ing C i r c u i t  Loss, dB - 0.5 
Transmitt ing ~ n t e n n a  Gain, dB 12.0 - 0.2 2 ft Dish 0 = 10' 
Antenna Pa t t e rn  Ripple, dB - 0.5 - 
Space Loss, dB -204 '1 - 0.2 3.8 x lo5 krn, f= 1 GHz 
Plane t  Atmosphere Loss, dB - 0 
P o l a r i z a t i o n  Loss, dB - 0.4 AR = 3/3 dB 
Receiving Antenna Gain, dB 12.0 - 0.3 2 f t D i s h @ = 1 0 ~  
Receiving C i r c u i t  Loss, dB - 1.0 
Net c i r c u i t  Loss,~(2-+9), dB -182.5 0.7 
Total  Recefved Power, -163.5 - 0.8 
(1+10), dBW 
Receiver Noise Spec t ra l  -202.5 - 0.3 Ts= 4 0 0 ~ ~  
~ e ~ i t y ,  Nos  ~BWIHZ 
Received Power /No, 
(11-12), dBWHz 
DATA CHANNEL 
Fading Loss, dB - 0.3 
Processing Loss, dB - 0.4 
Received Data Power, 
(11+14+15), dBW 
Data B i t  Rate, dB  25.7 
Threshold Eb/No, dB 
Threshold Data Power, 
(12+17+18) , dBW 
Performance Margin, (16-19) or  2.0 
(13+14+15-17-18), dB 
Rate = 370 bps 
BER = 5 x 10-4 
- 0.3 
Nominal Less Adverse Margin, 
(20-20 adv), dB 
Conditions : I. Based on Titan lander t o  16-day period T i tan  o r b i t e r  geometry 
2. PCMIFSKIPM non-coherent modulation, BT = 2 
3. 3-axis s t a b i l i z e d  o r b i t e r  
4. Convolutipnal encoding, V i t e r b i  decoding, Rate = 1/2 
By optimizing the  o r b i t  i n s e r t i o n  technique, t he  penal ty fo r  achieving 
a Ti tan  o r b i t  can be made r e l a t i v e l y  small as w i l l  be shown. This  f a c t ,  
a long  with the  p o s s i b i l i t i e s  f o r  reducing spacec ra f t  weight with the  advances 
i n  technology c u r r e n t l y  being fo recas t ,  Ref. 111-7, make the  T i t a n  o r b i t e r  
a n  a t t r a c t i v e  explora t ion  mode. Such a vehic le ,  which i s  envisioned a s  
being i n  the  130 kg c l a s s  could perform some of the  following experiments 
i n  add i t i on  t o  t he  "normal" o r b i t e r  experiments ( o p t i c a l  imaging, g r a v i t y  
harmonics, e t c )  . 
o Mul t ip le - loca t ion  s t imula t ion  of the atmosphere - Determination of 
atmospheric composition by spectrographic a n a l y s i s  of wakes s t imula ted  
by small passive en t ry  bodies.  
o  Occul tat ion experiments performed i n  conjunction with the  Sa turn  
o r b i t e r .  
o  Di rec t  sampling and a n a l y s i s  of the upper atmosphere during pe r i aps i s  
passage. 
These experiments a r e  discussed f u r t h e r  i n  a  subsequent Sect ion (IIIC). 
I n  general  they r equ i r e  new technology development o r  the ex t r apo la t ion  of 
e x i s t i n g  technologies.  The Ti tan  o r b i t i n g  spacecraf t  i t s e l f  w i l l  a l s o  r equ i r e  
the development of new technologies,  e.g., more capable on-board systems 
i n  the a r e a s  of o p t i c a l  guidance and data  processing ( robot ics ) .  Figure 
111-12 i l l u s t r a t e s  a  poss ib le  3-axis s t a b i l i z e d  conf igura t ion  f o r  t h i s  c l a s s  
of T i t an  explora t ion  v e h i c l e .  Communications would be accomplished by r e l a y  
with a Saturn o r b i t e r  as descr ibed e a r l i e r .  

I n  t h e  case of a Saturn o r b i t e r  t h a t  remains i n  the  v i c i n i t y  of T i t a n  
although primari ly  under t he  inf luence  of Saturn,  a l a r g e r  vehic le  i s  possible  
due t o  the  smaller  i n s e r t i o n  AV requirement r e l a t i v e  t o  a T i t an  o r b i t e r .  It 
i s  therefore  more appropr ia te  f o r  experiments r equ i r ing  g rea t e r  power, mass or 
s i ze .  The l a rge  diameter,  high da ta  r a t e ,  s i d e  looking radar  experiment described 
i n  Sect ion C is  an  example. The Saturn o r b i t e r  can a l s o  se rve  a s  the c r u i s e  
vehic le  f o r  a lander  o r  a small T i t an  o r b i t e r .  Figure 111-13 shows a poss ib le  
configurat ion f o r  t h i s  c l a s s  of T i t an  explorat ion vehic le .  The major a r ea  of 
new technology requi red  f o r  the  Sa turn  o r b i t e r  der ives  from i t s  requirement 
fo r  very accu ra t e ly  obta in ing  T i t a n '  s  l oca t ion  and using t h a t  data  t o  determine 
i n  r e a l  time the  adjustments requi red  t o  a r r i v e  i n  the "Titan s t a  tionkeeping" 
o r b i t  and to  maintain t h i s  o r b i t  i n  the presence of T i t an  g rav i ty  forces .  
Orb i t  In se r t i on  Options 
The maneuver s t r a t e g i e s  employed t o  t r a n s f e r  a vehic le  from a Saturn 
approach hyperbola t o  a Saturn o r b i t ,  and then possibly t o  an o r b i t  about 
Ti tan  can be extremely complex and can involve compromise between con- 
f l i c t i n g  requirements. A key requirement w i l l  be t o  al low f o r  f l e x i b i l i t y  
t o  respond t o  observat ions from repeated f lybys i n  the  Saturn o r b i t  before 
i n s e r t i o n  i n t o  Ti tan  o r b i t .  Orb i t  i n c l i n a t i o n ,  l a t i t u d e  of pe r i aps i s ,  e t c . ,  
a r e  a l l  sub jec t  t o  e f f i c i e n t  cont ro l  i f  T i t an  swingbys and/or  modest 
ve loc i ty  maneuvers a r e  employed. The primary disadvantage o f  these  
techniques is the time required t o  properly phase successive encounters. 
The major f a c t o r  a f f e c t i n g  s e l e c t i o n  of o r b i t  s i z e  and period i s  the  
s t a b i l i t y  ( shor t  term and long term) of T i t a n  o r b i t s  of  var ious o r i e n t a t i o n s  
i n  such c lose  proximity t o  Saturn.  Analyses of the  d e s t a b i l i z i n g  e f f e c t s  
requi re  3-body in t eg ra t ions  and a r e  beyond the  scope of t h i s  study. 
Science  P la t fo rm 
F i g .  111-13 S a t u r n  O r b i t e r  and Bus (Based on 'lMulti-Mission'l Modified P ioneer  S p a c e c r a f t )  
Therefore,  T i t an  o r b i t  ca l cu la t ions  have been predicated on a repre-  
s e n t a t i v e  o r b i t  suggested i n  Reference 111-1. The primary parameters of 
t h i s  presumably s t a b l e  o r b i t  a r e  pe r i aps i s  a l t i t u d e  = 1000 I(m and period = 
12 hours.  Or ien ta t ion  opt ions  were assumed t o  be unconstrained p r i o r  t o  
o r b i t  i n se r t i on .  
I f  i n i t i a l  T i tan  encounter occurs near  pe r i aps i s  of the Sa turn  approach 
hyperbola, d i r e c t  i n s e r t i o n  t o  T i t an  o r b i t  could be accomplished which 
would t y p i c a l l y  involve a v e l o c i t y  maneuver of over 3 km/sec. A l t e rna t ive ly ,  
T i tan  o r b i t  can be achieved a f t e r  Saturn o r b i t  i n se r t i on .  Reference 111-1 
r e l a t e s  a t y p i c a l  case f o r  which the  spacec ra f t  v e l o c i t y  r e l a t i v e  t o  
Ti tan is  3 . 2  km/sec afcer Saturn  o r b i t  i n s e r t i o n  with Ti tan  g rav i ty -a s s i s t .  
I f ,  a f t e r  a  s e r i e s  of observa t iona l  f lybys ,  a Ti tan  o r b i t  were des i red ,  
a ve loc i ty  maneuver of about  2 kmlsec would be required.  I n  combination 
with the p r io r  Saturn o r b i t  i n s e r t i o n  maneuver, the T i t an  o r b i t e r  vehic le  
w i l l  have undergone over 3 km/sec v e l o c i t y  change. Thus the  AV requi re -  
ments fo r  d i r e c t  T i t an  o r b i t  i n s e r t i o n  and the o r b i t i n g  of T i t an  v ia  a 
Saturn o r b i t  a r e  unless  a d d i t i o n a l  use i s  made of T i t an  g r a v i t y  a s s i s t ,  
A s  pointed ou t  i n  Reference 111-1, these  AV requirements can be reduced 
through use of T i t an  g r a v i t y  e f f e c t s  and o r b i t  change maneuvers. Control led 
Ti tan  swingbys a r e  capable of producing co-planar condit ions w i t i l  two 
opt iona l  Ti tan  encounter l oca t ions  a s  shown in Figure 111-14a. These 
encounters a r e  no t  t angen t i a l ,  and a ve loc i ty  maneuver a t  apoapsis  t o  
achieve t angen t i a l  T i t an  encounter a t  the  modified pe r i aps i s  w i l l  a l s o  
r e s u l t  i n  reduct ion of r e l a t i v e  approach ve loc i ty .  The a l t e r n a t e  sequence 
depicted i n  Figure 111-14b represents  another  p o s s i b i l i t y  wi th  d i f f e r i n g  
performance c h a r a c t e r i s t i c s .  
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T and T2: Optional T i t an  Encounter Pos i t ions  ( I n i t i a l  Rela t ive  Veloci ty)  1 
T3: T i t a n  Re-encounter After  dV (Reduced Rela t ive  Velocity) 
(a )  Pe r i aps i s  Raised t o  T i t an  Radius (b) Apoapsis Lowered t o  T i t an  Radius 
FIGURE 111- 14 Techniques f o r  Reducing Ti tan  Rela t ive  Velocity 
Figure 111-15 def ines  the  swingby geometry parameters and presents  
da t a  f o r  the case of r e l a t i v e  ve loc i ty  = 3 .2  km/sec and the  technique of 
r a i s i n g  spacec ra f t  o r b i t  pe r i aps i s  t o  T i t an  rad ius .  A s  shown, t he  angle  f l  
i s  l imi ted  t o  values l e s s  than about  126 deg t o  avoid re-escaping Saturn. 
The corresponding pe r i aps i s  r a d i i  a r e  constrained we l l  i n s i d e  the  T i t an  
o r b i t .  I n  the  case of l a rge  bu t  f i n i t e  period o r b i t s ,  r a i s i n g  pe r i aps i s  
radgus t o  achieve t angen t i a l  T i t an  encounter r e s u l t s  i n  T i t an  approach 
v e l o c i t i e s  no g rea t e r  than about  2 . 3  km/sec. For smaller  B values,  
r e l a t i v e  ve loc i ty  can be f u r t h e r  reduced a t  the  expense of l a r g e r  apoapsis  
maneuvers. 
I n i t i a l  Rela t ive  
A/3 per  T i t an  Swingby 
Rela t ive  
Veloci ty 
T i t an  Veloci ty 
D E F I N I T I O N  OF ANGLE f l  
0 40 80 1 2 0  
B (deg) 
FIGURE 111-.15 AV Requirements f o r  Reducing Ti tan  Rela t ive  
Velocity,  Pe r i aps i s  Raised t o  T i t a n  Radius 
This technique can be employed t o  e f f i c i e n t l y  lower r e l a t i v e  ve loc i ty  
f o r  purposes of enhancing f lyby  sc ience  observat ions o r  improving communi- 
ca t ions  between a Saturn o r b i t e r  and Titan-dedicated vehic les  ( o r b i t e r  
and/or Lander ) . Also, of course,  reduct ions i n  T i t an  approach ve loc i ty  
produce corresponding improvements i n  T i t an  o r b i t  i n s e r t i o n  requirements. 
This l a t t e r  cons idera t ion  i s  presented i n  Figure 111-16. 4s shown, the 
sum of t he  two ve loc i ty  increments e x h i b i t s  a  minimum. I n t e r p r e t a t i o n  of 
these  da t a  r equ i r e s  knowledge of the r e l a t i v e  masses intended f o r  Titan 
o r b i t  and f o r  r e t en t ion  i n  Saturn o r b i t .  I f  s i g n i f i c a n t  mass is  t o  be 
reta&ed i n  Sa turn  o r b i t ,  b e s t  o v e r a l l  performance r e s u l t s  from condit ions 
t o  the  r i g h t  of the  ind ica t ed  mia imurn .  
FIGURE 111-16 A V Requirements f o r  Titan O r b i t  I n se r t i on ,  
Pe r i aps i s  Raised t o  Titan Radius 
Corresponding requirements for  the technique of Figure 111-140 a re  
compared in Figure  111-17. While a minimum also occurs f o r  t h i s  case, the 
p r io r  method i s  c l ea r ly  superior.  
FIGURE 111-17 Comparative AV Requirements fo r  
T i t an  Orb i t  I n s e r t i o n  
The foregoing parametric data  were n o t  constrained by considerat ions 
of o r b i t  phasing requirements. To implement the techniques descr ibed,  it 
i s  necessary t o  determine t h e  s p e c i f i c  values of p which, a f t e r  the  o r b i t  
change maneuver, w i l l  a c t u a l l y  re-encounter Ti tan  a t  the  des i red  loca t ion .  
Since the  spacec ra f t  o r b i t  period i s  n o t  a n  exact  i n t e g r a l  of that of Ti tan ,  
T i tan  does not complete a n  exact i n t e g r a l  number of Saturn  revolu t ions  
between encounters.  These mat te rs  are b e s t  i l l u s t r a t e d  with examples. 
Reference 111-1 r e l a t e s  a s p e c i f i c  case corresponding t o  a post-Ti tan 
swingby period s l i g h t l y  l e s s  than 9 times the  T i t an  period (6 112 degrees).  
Following a posi-grade maneuver a t  apoapsis  of about  85 mps, t he  r e l a t i v e  
ve loc i ty  a t  T i t a n  re-encounter has been reduced from the  i n i t i a l  3.2 km/sec 
t o  about 1.73 km/sec. N e t  savings on T i t a n  o r b i t  i n s e r t i o n  requirements 
amount t o  about  1 km/sec. 
A t  T i tan  re-encounter,  another  swingby can reduce the  spacec ra f t  o r b i t  
period t o  t h e  region of th ree  times t h a t  of Titan. Since the  r e s u l t a n t  
de f l ec t ed  o r b i t  i n t e r s e c t s  t h a t  of T i t an ,  options e x i s t  t o  apply  a second 
apoapsis maneuver and f u r t h e r  reduce r e l a t i v e  v e l o c i t y  (and T i t an  o r b i t  
i n s e r t i o n  requirements) a t  a  subsequent t angen t i a l  encounter wi th  Ti tan.  
This process can be repeated i n d e f i n i t e l y  by using swingbys t o  produce 
o r b i t s  of appropr ia te  period (near - in tegra l  mu l t ip l e s  o r  f r a c t i o n s  of t he  
Ti tan  o r b i t  period). However, phasing time pena l t i e s  a r e  incurred as 
the p r i ce  f o r  the  performance improvements. Also the  bene f i t s  of repeated 
operat ions diminish rapidly.  
A second example more r ep re sen ta t ive  of a p r a c t i c a l  mission i s  
presented i n  Table 111-5. The l i s t e d  events  and values have been i t e r a t e d  
t o  maintain con t inu i ty  of the sequence. 
TABLE 111-5 Typical T i t an  Swingby Sequence 
T i  tan Encounter 
1 2 3 
Rela t ive  Velocity a t  T i t an  Encounter (km/Sec) 3.2 1.494 .955 
Spacecraf t  Revs t o  Next Ti tan  Encounter 
Ti tan  Revs t o  Next Ti tan  Encounter 
Spacecraf t  Orb i t  Period Af t e r  T i t an  Swingby 
Ti tan  Orb i t  Periods 
Velocity Planeuver a t  Apoapsis (kmlsec) .I89 .072 .265 
Rela t ive  Velocity a t  Next T i t a n  Encounter (km/sec) 1.494 .955 .206 
*Titan Orb i t  I n s e r t i o n  AV (km/sec) .745 .487 ,301 
*+<Total AV through Ti tan  Orbi t  I n s e r t i o n  (km/sec) .934 .748 -827 
ape r i aps i s  a l t i t u d e  = 1000 km, period = 12 hours 
**For r e l a t i v e  ve loc i ty  a t  Ti tan  = 3.2 km, T i t an  O r b i t  I n s e r t i o n h V  = 1,961 km/sec 
The sequence summarized i n  Table 111-5 i s  i n i t i a t e d  with a  T i t an  
swingby t o  e s t a b l i s h  an  o r b i t  period somewhat l e s s  than 4 times t h a t  of 
Ti tan.  The t r a n s f e r  angle  t o  t angen t i a l  re-encounter with Ti tan  is about  
294 degrees ( s imi la r  t o  the  geometry depicted on Figure 111-14a f o r  departure 
from T i t an  pos i t i on  2). These condit ions correspond t o  a value of about  
103 degrees and a r e  near the  optimum indica ted  on Figure 111-16 f o r  a 
s i n g l e  apoapsis  maneuver. Tota l  v e l o c i t y  requirements through Ti tan  o r b i t  
i n s e r t i o n ,  i f  performed a t  t h i s  time, a r e  improved over the  p r i o r  example 
by about 80 mps. 
A t  re-encounter with T i t an ,  the  lowered r e l a t i v e  ve loc i ty  (about 1.5 
km/sec) can be def lec ted  t o  t a r g e t  a t h i r d  Ti tan  encounter a f t e r  about  320 
degrees of t r ans fe r  angle  and a time i n t e r v a l  of s l i g h t l y  l e s s  than two 
Ti tan  periods. Following a  second apoapsis ve loc i ty  maneuver, T i t an  
approach ve loc i ty  has been reduced t o  l e s s  than 1 km!sec. T i tan  o r b i t  
i n s e r t i o n  a t  t h i s  time represents  an  add i t i ona l  savings of about 200 mps 
over the previous encounter when both apoapsis  maneuvers a r e  considered. 
Gravi ty swingby a t  the  t h i r d  T i t an  encounter can produce a  spacec ra f t  
o r b i t  period equal t o  t h a t  of T i t an  i f  des i red  for  communication purposes. 
A l t e rna t ive ly ,  another  s e t  of swingby and apoapsis maneuver opera t ions  
could be attempted. However, a s  shown by Table 111-5, no fu r the r  reduct ion 
of Ti tan  o r b i t  requirements a r e  a t t a i n a b l e  with s h o r t  period phasing 
o r b i t s .  
The foregoing discussions of Ti tan  g r a v i t y - a s s i s t  f o r  Ti tan  o r b i t  
i n s e r t i o n  a r e  cont ingent  on a v a i l a b i l i t y  of adequate o r b i t  determination 
c a p a b i l i t i e s .  I n  view of the apparent  bene f i t s  of t h i s  and other  a p p l i -  
ca t ions  of T i t an  g r a v i t y - a s s i s t  (Saturn o r b i t  i n s e r t i o n ,  e t c  .) , appropr ia te  
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technology developments a r e  needed. A primary requirement w i l l  be on-board 
systems t o  permit navigat ion i n  terms of Ti tan  r e l a t i v e  motion. The same 
systems could be employed t o  remove Ti tan  ephemeris unce r t a in t i e s  e x i s t i n g  
a t  the time of Saturn a r r i v a l .  
3. Combined Penet ra tor  and Probe Spacecraf t  Concept (Penetrobe) 
For Atmospheric Entry Probe missions i t  is  des i r ab l e  t o  have a sub- 
sonic  descent time of 30 t o  50 minutes. This provides enough time f o r  
processing severa l  gas chromatograph samples ( the  s lowest  of the severa l  
measurements being made) but  i s  s u f f i c i e n t l y  b r i e f  t o  minimize the  power 
and thermal con t ro l  subsys tern requirements. Unfortunately,  fo r  a f ixed  
b a l l i s t i c  c o e f f i c i e n t  probe designed f o r  a 45 minute descent  time i n  the  
nominal atmosphere, t he  a c t u a l  descent  time could be as l i t t l e  a s  7 minutes 
i f  the Thin model atmosphere i s  encountered or  a s  much a s  80 rninutes i f  
the Thick atmosphere modal i s  encountered. (The dens i ty  a t  the sur face  i s  
-3 4 x gm/cm3 i n  the Thin model vs .  3 x 10 gm/cm3 i n  the Thick model 
atmosphere .) 
A s imi l a r  problem e x i s t s  with sur face  penet ra tor  designs s ince  f o r  a 
fixed b a l l i s t i c  c o e f f i c i e n t  pene t ra tor ,  the impact ve loc i ty  va r i e s  from 
-100 m / s  t o  over 300 m / s  depending on atmosphere model. In  order t o  design 
the penetrator  t o  achieve s a t i s f a c t o r y  penet ra t ion  while avoiding excessive 
dece lera t ion ,  i t  i s  necessary to  con t ro l  the penetrator  impact ve loc i ty  
t o  be within much smaller  tolerances than t h i s  200 m/s. 
Another problem with the penet ra tor  concerns the atmospheric e n t r y  
phase. No r e a l l y  e f f i c i e n t  and r e l i a b l e  en t ry  conf igura t ion  has y e t  been 
developed. The extendible  cy l inder  proposed i n  Ref. 111-2 and basel ined 
for  the T r i a l  Mission T i t a n  Pene t r a to r ,  Appendix B,  i s  r e l a t i v e l y  complex 
and i s  p o t e n t i a l l y  suscep t ib l e  t o  tumbling o r  coming i n  end-on. The o the r  
candidate  conf igura t ions ,  f laps,  i n f l a  t i b l e  a f  ter-bodies  and umbrella- 
l i k e  ex tendib le  forebodies  have drawbacks a s  wel l .  
Although it i s  poss ib le  t o  so lve  t h e  above problems indiv idua l ly ,  one 
so lu t ion  is  poss ib le  t h a t  involves combining the  two vehicles .  This  
so lu t ion  thus a l s o  meets the c r i t e r i o n  of obtaining many d i f f e r e n t  kinds 
of measurements i n  a s i n g l e  mission. Combining the  vehic les  during the  
en t ry  and pa r t  of the  descent phase provides a so lu t ion  t o  the penet ra tor  
entry con£ igu ra t ion  problem, permits some dual usage o f  science and engineering 
subsystems, and a f fo rds  a way of c o n t r o l l i n g  the probe descent time and 
penet ra tor  impact ve loc i ty .  
The concept i s  a s  follows: A sur face  penet ra tor  i s  mounred i n i t i a l l y  
i n s ide  the probe along the  probe center  l i n e  a s  shown i n  Figure 111-18. 
It remains i n  t he  probe during the  aerohea t ing  port ion of the  en t ry .  
The ba re  pene t ra tor  would be designed t o  achieve the  des i red  su r f ace  
impact ve loc i ty  i n  the  th innes t  a n t i c i p a t e d  dens i ty  atmosphere. The 
combined probe and penet ra tor  would have a b a l l i s t i c  c o e f f i c i e n t  such that 
i n  the Thick (most dense) atmosphere t h e  descent t ime would be des i r ed  
45 minutes. I f  the Thick atmosphere is  the  one encountered (as sensed by 
a n  on-board sensor)  the penetrator  i s  r e t a ined  i n  t he  probe until the 
probe is  a few meters above the  surface.  A t  t h a t  t ime the penet ra tor  i s  
acce lera ted  t o  t h e  des i red  impact ve loc i ty  with a s o l i d  rocke t  motor 
located i n  the  base of the penetrator .  I f  a th inner  atmosphere, nearer  
the  Nominal, i s  encountered, t he  penet ra tor  is  s taged out  of t h e  probe a t  
a higher  a l t i t u d e  t o  reduce the  probe b a l l i s t i c  c o e f f i c i e n t  and thus 
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prevent the probe from descending a s  rap id ly .  I n  t h i s  case the  penet ra tor  
achieves p a r t  of i t s  requi red  v e l o c i t y  during f r e e  f a l l  and needs t o  use 
only a por t ion  of i t s  modularized s o l i d  rocke t  motor. These t r a j e c t o r i e s  
a r e  compared i n  Figures 111-19 and 111-20. 
Fina l ly ,  i f  the  t h innes t  model atmosphere i s  encountered, the penetra- 
t o r  i s  re leased  a t  a s t i l l  higher a l t i t u d e ,  j u s t  a f t e r  the e n t r y  hea t ing  
phase i s  concluded. I n  t h i s  case  the  penet ra tor  needs no a u x i l i a r y  
energy t o  a t t a i n  the des i red  impact ve loc i ty  and the  rocket  motor is 
not f i r e d .  The probe i n  t h i s  case  w i l l  r equ i r e  a parachute even with i t s  
now-reduced mass to  avoid f a l l i n g  t o  the sur face  f a s t e r  than the planned 
science measurements can be taken, b u t  t h e  parachute w i l l  be much smaller 
than t h a t  required f o r  the T r i a l  Mission Thin atmosphere probe (4 meters 
i n  diameter o r  l e s s  vs  8 meters).  This case  is a l s o  i l l u s t r a t e d  i n  
Figures 111-19 and 111-20. 
This approach provides f a i r l y  accura te  cont ro l  of the penetra t o r  impact 
ve loc i ty ,  which i s  c r u c i a l  t o  i t s  success ,  while providing somewhat coarser  
cont ro l  of the probe descent  time, which i s  s u f f i c i e n t  s ince  the  probe 
requirements a r e  no t  a s  severe a s  the penetrator's. A weight penalty is  
paid r e l a t i v e  t o  the T r i a l  Mission penetrator  i n  terms of the added mass of 
the  penet ra tor  s o l i d  rocke t  motor, b u t  t h i s  i s  of £ s e t  by the  f a c t  t h a t  
dual usage is  made of probe and penet ra tor  subsystems, e -g . ,  a e roshe l l ,  
hea t  s h i e l d ,  antenna, S / C  adaptors ,  accelerometers among o thers .  Also, 
t h i s  approach permits a f a i r l y  complex mission t o  be flown p r io r  t o  nar-  
rowing the  uncer ta in ty  of the a ~ n o s p h e r e  models t o  a small tolerance.  
Idea l ly ,  t h i s  concept requi res  the  development of  an on-board system fo r  
determining i n  r e a l  time what atmospheric dens i ty  p r o f i l e  has been encountered. 


Such a system is discussed in Chapter 111-C(1tem 17). Even without the 
development of a full blown atmosphere-profile-determining-technique, this 
concept would be reasonably effective, i.e., it could be based on using 
radar altimeter and velocity (Doppler radar) information compared with 
precalculated values for given atmosphere models. 
C. SUPPORTING TECHNOLOGY CONCEPTS 
A numbex of new concepts have been i d e n t i f i e d  i n  var ious technology 
a r e a s  t h a t  support  the implementation of the  three  mission modes discussed 
i n  the previous sec t ion .  Many of these ideas  w i l l  a l s o  enhance the more 
conventional t r i a l  mission modes and sys terns of Appendix B. They range from 
items t h a t  a r e  s t r a i g h t  foward extensions of cur ren t  devices  t o  those 
represent ing completely new approaches o r  techniques. These items together  
with the new mission modes descr ibed e a r l i e r ,  represent- many add i t i ona l  
explorat ion opt ions t h a t  should be usefu l  i n  fu ture  T i t an  Mission planning. 
The arrangement of t h i s  s ec t ion  i s  intended to al low a quick survey of 
the various concepts by means of a summary page provided for  each top ic .  
Addit ional  information about each concept can be found i n  the pages that 
inmediately follow the  pic  t o r i a l  summary shee ts .  
The 
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following technology concepts were i d e n t i f i e d :  
Remote Surface Composition Using a Laser/Spectrometer 
Ana l y  z e r 
Atmosphere Analysis by A r t i f i c i a l  St imulat ion 
Atmosphere Sampling from Orbi t  
Adaptively Control led Science Measurements 
Fixed AV Sol id  Rocket Landing System 
Trac tor  Braking f o r  Surface Landers 
Dual Penet ra tor  Concept 
High Peak Power Source Using T i t an  Atmospheric Methane 
" ~ o t  Atmosphere" Balloon 
Tethered Balloon f o r  Elevat ion Science Platform 
"Thin'' Model Atmosphere Helium Balloon 
Two-Wheel Crawler 
Deployable Mass Spectrometer 
Drill-Augmented Penet ra tor  
Antonomous Landing S i t e  Se l ec t ion  and Hazard 
Avoidance Guidance S ys tern 
Se l f  Propelled Penet ra tor  Concept 
On-Board Tra jec tory  Predic t ion  
Synthe t ic  Aperture Side Looking Radar Imager 
Adaptive Thermal Control Concepts f o r  Titan Landers 
Advanced Opt ica l  Guidance Sensor 
2 .  Remote Sur face  Composition Using a Laser/Spectsometer Analyzer 
PURPOSE 
To provide remote de te rmina t ion  of s u r f a c e  
m a t e r i a l  chemical composit ion 
APPLICATION 
Making composit ion measurements of P l a n e t a r y  
s u r f a c e s  from a  s o f t  Lander o r  a  low- 
a l t i t u d e  o r b i t e r .  
I-+ 
CONCEPT DESCRIPTION 
5 Laser  emi t s  pu l ses  tha t  vapor ize  t h e  m a t e r i a l  
s on which they  impinge and per iod ica lLy  r e -  
e x c i t e  t h e  vapor c loud.  Between pu l ses  
the  spectrometer  o b t a i n s  the  s p e c t r a l  Lines 
emi t t ed  by the  va por , 
ESTIMATED CHARACTERISTICS 
Weight - 5 kg 
Size - 50 crn x 15 cm d i a  
DESIRED PERFORMANCE 
Range 1-10 Km (Lander) 
500 - 1000 Km ( O r b i t e r )  
Lase r  P u l s e  
Fig. 111-21 Laser/Spectromerer 
AnaLyzer Schema tic 
Laser/Spectrometer Surface Mater ia l  Analyzer 
I f  l a rge  amounts of power can be made a v a i l a b l e  f o r  s h o r t  periods of 
time (seconds) it may be poss ib le  t o  analyze su r f ace  ma te r i a l s  remotely 
(meters o r  ki lometers  range) by l a s e r  vaporizat ion and spectrographic 
ana lys i s  of the  l i n e  spec t r a  emit ted by the  vapor. A prel iminary i n s t r u -  
ment layout  i s  shown i n  Figure 111-21. The l a s e r ,  perhaps u t i l i z i n g  high- 
energy techniques being evolved by DOD, would emit pulses  t h a t  would 
vaporize the sur face  on which they impinge and pe r iod ica l ly  re -exc i  t e  the  
vapor cloud. Between l a s e r  pulses  ( t o  avoid the in t e r f e rence  of back- 
s c a t t e r e d  l a s e r  r a d i a t i o n ) ,  the  spectrometer would obta in  the s p e c t r a l  
l i n e s  emitted by the vapor. This device could opera te  from e i t h e r  a 
lander o r ,  with s u f f i c i e n t  power and point ing s t a b i l i t y ,  from an  o r b i t e r  
o r  f lyby spacec ra f t  provided clouds a r e  n o t  present .  (Consideration was 
a l s o  given t o  us ing  a l a s e r  beam from o r b i t  t o  perform remote temperature 
sounding of T i t a n ' s  atmosphere i n  a s imi l a r  manner as has been proposed 
for  Earth app l i ca t ions ,  Experiment CO-11  of Reference 111-3. However, t h i s  
experiment i n  Ear th  atmosphere depends on the a p r i o r i  knowledge t h a t  the  
C02 and Hz0 a r e  uniformly mixed and t h a t  each has a pure r o t a t i o n a l ,  
i n f r a red ,  spec t ra .  For T i t an  the  CH4-molecule has no pure r o t a t i o n a l  
spectrum and at tempting t o  measure the  r o t a t i o n a l  temperature of N2 would 
l i k e l y  r e s u l t  i n  unacceptable l o s s  i n  r e t u r n  s igna l  due t o  Rayleigh Sca t te r ing ,  
While much work on l a s e r  vaporizat ion has been accomplished, the 
surface composition measurement concept proposed he re  would r equ i r e  a n  
i n i t i a l  f e a s i b i l i t y  t e s t  program t o  determine i f  the spec t r a  a r e  ava i l ab l e .  
I f  successfu l ,  these t e s t s  would a i d  i n  def in ing  a development program f o r  
the instrument.  Each of t he  pr inc ipa l  p a r t s  ( l a s e r ,  o p t i c a l  t r a i n ,  and 
spectrometer) would r equ i r e  spec i a l  a t t e n t i o n  t o  provide c a p a b i l i t i e s  
matched t o  each o ther  and the  c h a r a c t e r i s t i c s  of the  supporting spacecraf t .  
2. Atmosphere Analysis by A r t i f i c i a l  St imulat ion 
PURPOSE 
To determine primary atmosphere proper t ies  
including composition and dens i ty  p r o f i l e ,  
APPLICATIONS 
Global c o r r e l a t i o n  o f  l a t i t u d e  and time-of-day 
va r i a t i ons .  Precursor t o  comitment  of pene t ra tors ,  
en t ry  probes and sur face  landers .  
Deployed p r io r  t o  Saturn o r b i t  i n se r t i on ,  from 
Saturn  o r b i t  or  from T i t an  o r b i t ,  
H CONCEPT DESCRIPTION 
7 
v, r Mechanical s t imu la t ion  of atmosphere gases with 
high v e l o c i t y  passive p r o j e c t i l e .  Const i tuent  
spec t r a  contained i n  r a d i a t i o n  from heated, 
ionized wake. S t imula te r  ma te r i a l  s e l ec t ed  t o  
avoid confusing data  i n t e r p r e t a t i o n .  Measured 
hea t  pulse wi th  known e n t r y  condit ions and 
b a l l i s t i c  c o e f f i c i e n t  of s t imu la t e r  mass permit 
es t imates  of dens i ty  p r o f i l e .  D i f f e ren t  b a l l i s t i c  
c o e f f i c i e n t s  produce primary e f f e c t s  a t  d i f f e r e n t  
a l t i t u d e s .  Hollow pressur ized  sphere t r a n s f e r s  
most of k i n e t i c  energy t o  wake i n  upper atmosphere. 
So l id  sphere of same mass produces maximum wake 
e x c i t a t i o n  a t  lower a l t i t u d e s .  
SUPPORT REQUIREMENTS 
Wide-spec trurn spectrometer and £as t-response 
radiometer on board spacec ra f t ,  
F i g .  111-22 Atmosphere Analysis by A r t i f i c i a l  
S t imula t ion  
Atmosphere Analysis by Artificial Stimulation 
Remote measurement of Titan atmosphere properties by Saturn orbiters or 
Titan orbiters are facilitated to some extent by stimulation of the atmospher- 
ic gasses by natural energy sources such as the Sun. Additional data may be 
derived from excitation of informative phenomona by artificial means. For 
example, high-intensity laser beams may evoke measurable responses from some 
constituents of the atmosphere. 
A simpler and more general technique could be based on mechanical stimu- 
lation. If a high velocity projectile of known material is targeted to traverse 
the Titan atmosphere, the heated and ionized wake will radiate characteristic 
spectra of the atmosphere components. Science value of this experiment is de- 
pendent on the level of wake excitation (energy of the incoming projectile and 
energy transfer mechanisms) and the sensitivity of signal detection instruments. 
Also, the stimulater material must be properly selected to eliminate confusion 
in interpreting the data. 
High entry velocities for the stimulater mass are desirable to produce 
high signal to noise ratio data. In this respect, the most efficient time to 
deploy the stimulater is prior to Saturn. orbit insertion (Titan relative velocity 
4.5 Km/sec, Titan entry velocity about 5.2 Km/sec). Alternatively, deployment 
from Saturn orbit in conjunction with repeated Titan flybys would be effective 
(Titan entry velocity typically 4.1 ~m/sec). If the experiment is conducted 
from Titan orbit, efficient de-orbit of the stimulater would correspond to entry 
velocity of about 2.3 Kmlsec. In this latter case, it xlay be necessary to apply 
a large AV to rhe stimrzlater mass to increase the entry velocity to effective 
levels, 
A spherical shape for the stimulater mass would produce the most uniform 
and predictable wake effects. Also, this shape is compatible with a totally 
passive and inert object. With this approach the primary parameters affecting 
the wake data are the entry angle and the stimulater ballistic coefficient. The 
first variable determines the magnitude of the peak heating rate for a given 
ballistic coefficient. The second parameter provides flexibility to emphasize 
various altitude regions. For instance, a solid sphere of material would not 
lose significant energy to the upper atmosphere but would yield more data at 
the lower altitudes. Conversely, a thin-wall hollow sphere(pressurized for 
shape stability) would be more effective at high altitucie. 
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If it can be established that measurable data can be derived from mechan- 
ical stimulation of the Titan atmosphere, the technique could be applied in 
multiple to determine atmospheric variations for a variety of locations (equator 
to poles) and different local times (noon to midnight). Another potential use 
would be as precursors to deployment of vehicles dependent on adequate knowledge 
of the atmosphere (probes, landers, etc.). 
Feasibility of the artificial stimulation technique will probably depend 
on additional development of sensor technology; especially wide-spectrum 
spectrometers. In addition, a means of skin-tracking the stimulater (e.g., 
radar) would be valuable if the deceleration history could be determined. 
Alternatively, accurate measurement of the rate of energy transferral to the 
wake would reduce uncertainties in the Titan atmosphere properties. 
NOTE: The stimulater principle is under study at MMC for surface investiga- 
tions of bodies with little or no atmosphere. 
3 .  Atmosphere Samplinp from O r b i t  
PURPOSE 
To acqui re  mul t ip le  samples of atmosphere 
c o n s t i t u e n t s  ( including complex molecules) i n  
cond i t i on  f o r  subsequent chemical ana lys i s .  
APPLICATIONS 
Determine upper atmosphere v a r i a t i o n s  wi th  
l a t i t u d e  and time-of-day. Search f o r  organic  
and pre-organic molecules. 
CONCEPT DESCRIPTION 
H For shallow pene t ra t ion  of atmosphere, apply 
H 
H AVat apoapsis  t o  con t ro l  p e r i a p s i s  a l t i t u d e ,  
& For deeper pene t r a t i on  of atmosphere, use dV 
* and/or aerodynamic l i f t  t o  conver t  impacting 
t r a j e c t o r y  t o  s a f e  e x i t  t r a j e c t o r y ,  Col lec tor  
cups p re -ch i l l ed  by prolonged i s o l a t i o n  from 
h e a t  sources  while  r a d i a t i n g  t o  deep space. 
Atmosphere gases condensed o r  f rozen  on contac t  
and p a r t i c u l a t e  mat ter  entrapped. Moved t o  
c losed  space for  hea t ing  and/or washing specimen 
from c o l l e c t o r  cup prepatory t o  chemical ana lys i s .  
Mul t ip le  c o l l e c t o r  cups wi th  each l imi t ed  t o  a  
s i n g l e  usage. 
SUqPORT REQUIREMENTS 
On-board naviga t ion  f o r  prompt o r b i t  determinat ion 
a f t e r  passage through atmosphere. 
Chemica 1 ana lys i s  l abo ra to ry  on-board T i t a n  
o r b i t e r  . 
Penet ra t ion  
1 a, 
Deeper Pene t ra t ion  of Atmosphere 
I m ~ a c t  ing  Exi t  - 
Cold Cup Sample Col lec tor  
-Heat S i n k  Mass 
L I n s u l a t i o n  
Fig.  111-23 Atmosphere Sampling From O r b i t  
Atmosphere Sampl in~ from Orbit 
The bes t  methods of obtaining Ti tan  atmosphere da ta  involve use of 
spec ia l ly  designed atmospheric probes and surface lander vehicles incorpor- 
a t i n g  comparable instrumentation. In  these  cases, t h e  e n t i r e  depth of the  
atmosphere can be sampled f o r  a l imi ted  number of s p e c i f i c  descent p ro f i l e s .  
Other options f o r  in-s i tu  measurements include post-landing launch of balloon- 
borne instruments f o r  the  lower and intermediate a l t i t u d e s  and r e p e t i t i v e  
flythrough of the  upper atmosphere with a Titan-orbiting spacecraft .  
Lowering pe r i aps i s  of a Titan o r b i t  t o  skim the  Titan atmosphere r e s u l t s  
i n  energy l o s s  t o  aerodynamic drag but  the  t r a j ec to ry  can be cont ro l led  t o  
avoid surface impact. I n  the  case of unpowered flythrough, o r b i t  apoapsis w i l l  
be lowered and a ve loci ty  maneuver w i l l  be required a t  o r  near apoapsis t o  
cont ro l  a l t i t u d e  of the  next pass-through per iaps is .  Repeated flythrough of 
the  upper atmosphere w i l l  eventual ly produce a near c i r c u l a r  o r b i t  f o r  a modest 
t o t a l  ve loc i ty  budget depending on the  depth of penetrat ion i n t o  the  atmos- 
phere. By these means, atmosphere cons t i tuents  can be sampled a t  various high 
a l t i t u d e s  and f o r  a va r i e ty  of conditions (phase i n  the  d iurnal  cycle,  etc .) .  
For deeper penetrat ion i n t o  the  atmosphere, drag w i l l  be s u f f i c i e n t  to  
produce aerodynamic capture and subsequent surface impact. In  t h i s  case,  a 
ve loci ty  maneuver w i l l  be required while i n  the  atmosphere t o  l i m i t  t he  minimum 
a l t i t u d e  and accelera te  the  spacecraft  t o  a sa fe  e x i t  t ra jec tory .  Magnitude of 
the  maneuver w i l l  depend on depth of penetrat ion and a following apoapsis maneu- 
ver  w i l l  be required t o  control  the  next  per iaps is  pass. 
Providing the  o r b i t e r  spacecraft  with aerodynamic l i f t  c h a r a c t e r i s t i c s  
(e.g., carbon c lo th  Rogallo wing), could s ign i f i can t ly  defer  o r  reduce propul- 
s ion requirements fo r  atmosphere e x i t .  However, t o t a l  performance gains would 
probably not r e s u l t  unless the  increased mass of a l i f t i n g  ~ o n f ~ g u r a t i o n  could 
be p a r t i a l l y  j u s t i f i e d  by advantages f o r  other  appl ica t ions  such a s  l a r g e  o r b i t  
plane change maneuvers. 
To f u l l y  exploi t  the  opportunit ies  f o r  atmosphere analysis  from Titan o r b i t ,  
new technologies w i l l  be required. In pa r t i cu la r ,  sample col lec t ion  techniques 
compatible with preservation of complex molecules (organic o r  pre-organic) would 
be valuable f o r  Titan exploration. The same c a p a b i l i t i e s  may be des i rable  f o r  
delayed analys is  of atmosphere cons t i tuents  (including pa r t i cu la tes )  col lec ted  
during descent of ent ry  probes and surface  landers. 
A method of ob ta in ing  undamaged atmosphere specimens a t  h igh  r e l a t i v e  
v e l o c i t y  could be based on extreme pre-ch i l l ing  of t he  c o l l e c t o r  device. For 
example, prolonged shading from h e a t  sources whi le  permi t t ing  r a d i a t i o n  t o  
deep space could lower temperature t o  a few degrees Kelvin i f  adequate insu la-  
t i o n  from t h e  c a r r i e r s p a c e c r a f t  is provided. Such a co ld  c o l l e c t o r  may be 
capable of condensing o r  f r eez ing  gas samples on contac t  wi th  coincident  en- 
trappment of any p a r t i c u l a t e  matter present .  
Collector  e f f i c i ency  would be enhanced by high hea t  capac i ty  and high con- 
d u c t i v i t y  t o  absorb and d i s t r i b u t e  t he  hea t  of impact. Contact sur face  may be 
increased by such means as f i n s  o r  ba f f l e s .  For subsequent r e t r i e v a l  of t h e  
specimen f o r  chemical ana lys i s ,  hea t ing  andlor  washing of t he  c o l l e c t o r  cup 
would be conducted i n  a c losed  container .  I n  view of t h e  long chilldown time 
required,  an ind iv idua l  cup would probably be l imi ted  t o  a s i n g l e  use. Mult iple  
sample acqu i s i t i ons  would imply a l a r g e  number of c o l l e c t o r  u n i t s  properly iso-  
l a t e d  u n t i l  needed. 
4 .  Ada p t i v e l y  Cont ro l l ed  Science  Measurements 
Adap t i v e l y  Cont ro l l ed  Sc ience  Measurements 
PURPOSE 
To make on-board d e c i s i o n s  a b o u t  which data 
a r e  i n t e r e s t i n g  and should be t r a n s m i t t e d  t o  
E a r t h  and which a r e  redundant .  
APPLICATION 
T i t a n  l a n d e r s ,  pene t r a t o r  s and o r b i t e r s  
t h a t  may be r e c o r d i n g  data dur ing  per iods  
when no Ear th  communications Link e x i s t s .  
CONCEPT DESCRIPTION 
H Science  ins t ruments  and d a t a  management 
W 
'? systems c o n t r o l l e d  by on-board execu t ive  
w c o n t r o l l e r  a n d  decision-making l o g i c .  
Permissable  d e c i s i o n s  c o n t r o l l e d  from 
Earth as miss ion  p rogresses .  
ESTIMATED CHARACTERISTICS 
Computer Volume - 125 cc 
W t  - 0.5 Kg 
Power - 0.5 W 
SUPPORT R E Q U I W N T S  
Access  to science instruments, housekeeping 
sensors, telelrommicat2u~ras sytem and 
command s y s  tern. 
Given Time of Day 
Imager "Learns" 
Where Horizon Z s  
A '  
-. . - 
Detect  Changes in: 
Temperature 
Seismic  A c t i v i t y  
2 Bio  Sample Gas - - Detec t  Changes i n  
Evolu t ion  * Sur face  B r i g h t n e s s  
XRFS Composition - - f o r  a  Given Time of 
- Day and L i g h t  Level  
1 
Fig. 111-24 Typica l  Adaptive Sc ience  Dec i s ions  
Adaptively Controlled Science Measurements 
In t roduct ion  
T i t an  explorat ion,  due t o  i t s  timing (1985-1990t) and communication 
delays (hours) o f f e r s  an  e x c e l l e n t  opportuni ty t o  e x p l o i t  advanced con t ro l s  
technology t h a t  w i l l  o r  could become a v a i l a b l e  in  the in te rvening  years .  
Both adapt ive  and autonomous ( a r t i f i c i a l l y  i n t e l l i g e n t )  con t ro l  concepts 
a r e  discussed i n  the  following ma te r i a l .  Spec i f i c  app l i ca t ions  and the  
corresponding con t ro l  developments requi red  a r e  i d e n t i f i e d .  
The goals  of  advanced con t ro l s  u t i l i z a t i o n  a r e  two-fold. F i r s t ,  
these  con t ro l s  should enhance the p r o b a b i l i t y  of succes s fu l ly  completing 
a mission. Examples of t h i s  a r e  c o n t r o l l i n g  o r b i t  i n s e r t i o n ,  deo rb i t ,  
en t ry ,  descent ,  and landing a t  bodies such a s  T i t an  where s i g n i f i c a n t  
unce r t a in t i e s  e x i s t  (ephemeris, atmosphere, sur face)  and communication 
delays preclude real- t ime con t ro l  from Earth.  I n  some cases ,  these  mission 
operat ions w i l l  be impossible without  advanced con t ro l s  technology. 
The second goal  i s  t o  enhance the  s c i e n t i f i c  r e t u r n  of missions by 
con t ro l l i ng  instruments and processing da t a  from them. Instrument 
u t i l i z a t i o n  and usefu l  da t a  returned can thereby be increased. 
Advanced Controls  Cateaor i e s  
The two types of advanced con t ro l s  under cons idera t ion  here,  adapt ive  
and autonomous, a r e  separa ted  by the  complexity and c a p a b i l i t y  of the 
cont ro l  hardware and software. It is  very d i f f i c u l t  t o  draw a d e f i n i t e  
l i n e  between the  two t h a t  can be agreed upon by those working i n  the  
f i e l d .  It i s  e a s i e r  t o  descr ibe  rudimentary adapt ive  and "far-out" 
autonomous examples and see  the  d i f f e r ence .  
A simple adapt ive  system rece ives  sensed da t a ,  processes it, and 
a d j u s t s  the  s p a c e c r a f t ' s  opera t ions  according t o  a preprogrammed s e t  of 
ru les .  As an  example, consider  a lander  with d e l i c a t e  camera o p t i c s  on 
a p lane t  with a n  atmosphere and a dusty sur face .  The adapt ive con t ro l s  
monitor t he  wind v e l o c i t y  and when i t  reaches a p re se t  l e v e l ,  t he  c o n t r o l s  
would r e t r a c t  and s h i e l d  t h e  o p t i c s  from po ten t i a l  d u s t  damage, even i f  
the mission c o n t r o l l e r s  had commanded an  imaging sequence a t  t h a t  time. 
This same lander ,  equipped wi th  an  autonomous, a r t i f i c i a l  i n t e l l i g e n c e  
( A I )  con t ro l  system, would behave q u i t e  d i f f e r e n t l y .  F i r s t ,  it would use 
i ts  cameras a s  a s c i e n t i s t  uses  h i s  eyes,  scanning the  surroundings con- 
t inuous ly  and observing and recording temporal changes. Af t e r  sending 
documentary images of t he  scene around the lander  t o  Earth,  t he  lander  
would reduce i t s  imaging data  t ransmissions t o  those images conta in ing  
unusual phenomena. The A 1  con t ro l s ,  having a n  understanding of atmospheric 
dynamics and t h e i r  i n t e r a c t i o n s  with su r f ace  ma te r i a l s  and f ea tu re s ,  would 
decide & i t s e l f  what c o n s t i t u t e s  a n  unusual phenomenon. An approaching 
dus t  storm would be observed. I f  unusual, t h e  A 1  con t ro l s  would record 
the  s torm's  appearance f o r  l a t e r  t ransmission t o  Earth.  I f  the storm 
reaches the lander ,  i t  w i l l  "shut i t s  eyes" u n t i l  t he  storm passes.  During 
t h e  s torm's  passage over t he  lander ,  t he  A1 c o n t r o l s  might e l e c t  t o  record 
meteorological da ta  and c o l l e c t  and analyze a i rbo rne  p a r t i c u l a t e  matter .  
The important d i f f e r ences  between these  two cont ro l  concepts a r e  t h a t  
only the  autonomous, o r  A I ,  system 1 )  s tud ie s  and Learns about  i t s  environ- 
ment; 2) bu i lds  a model of t h a t  environment i n  i t s  memory; 3) i d e n t i f i e s  
new phenomena o r  f ea tu re s  ; 4) d i r e c t s  i t s  a t t e n t i o n  t o  these  and makes 
observat ions with app ropr i a t e  instruments ,  and 5) records and r e l a y s  
pe r t i nen t  data t o  Ear th ,  all without  i n t e rven t ion  by Earth-based c o n t r o l l e r s .  
I n  i t s  most ambitious embodiment, the  A 1  con t ro l  system makes dec is ions  
l i k e  a s k i l l e d  s c i e n t i s t / t e c h n i c i a n ,  well-versed i n  a l l  d i s c i p l i n e s  r e l a t e d  
t o  the mission including rou t ine  spacec ra f t  opera t ions  (e.g., thermal 
con t ro l ,  power management, e tc . ) .  While t h i s  l e v e l  of A 1  con t ro l  w i l l  
no t  be a v a i l a b l e  f o r  s eve ra l  years ,  s i g n i f i c a n t  research  e f f o r t s  a r e  under- 
way worldwide and a t  l e a s t  i n t e r im  r e s u l t s  w i l l  be a v a i l a b l e  i n  some form 
i n  time f o r  inc lus ion  i n  T i t an  explora t ion  missions. The g r e a t e s t  challenge 
l i e s  i n  understanding and bui ld ing  hardware and software t h a t  dupl ica te  
h w n  v i s ion  c a p a b i l i t i e s  including c o l l e c t i o n ,  assimulat ion,  r e c a l l ,  
and imagination of imaging da ta .  
S c i e n t i s t s  ' Roles i n  Mission ~ n c o r p o r a t i n ~  Advanced Control Technology 
While d iscuss ing  adapt ive  sc ience  operat ions wi th  members of the  
science community, we found t h a t  a t y p i c a l  i n i t i a l  r eac t ion  i s  skept icism 
regarding the  a b i l i t y  of a computer t o  make s c i e n t i f i c  decis ions.  Generally,  
s c i e n t i s t s  a r e  concerned t h a t  by at tempting t o  make a smart system, we 
may g e t  one t h a t  makes bad dec is ions  and ends up with l e s s  good da t a  than 
would have been obtained with .a preprogrammed s e t  of ac t ions .  We have 
evolved a n  adapt ive  con t ro l  concept t h a t  i s  more r e a d i l y  understood and 
accepted by the s c i e n t i s t / u s e r  because it does no t  put  s c i e n t i f i c  judgment 
i n t o  the  on-board computer. Rather,  t h e  concept gives the  s c i e n t i s t s  a 
t oo l  t h a t  enables  them t o  automate simple decis ions so  t h a t  they can be 
made on the  spacec ra f t  and appropr ia te  commands w i l l  be executed with much 
l e s s  delay. This w i l l  produce a l a r g e r  quan t i t y  of higher  q u a l i t y  s c i e n t i f i c  
r e s u l t s .  A f i r s t  p r inc ip l e  therefore ,  i s  t o  put the  adapt ive  system as 
d i r e c t l y  as poss ib le  under the con t ro l  of the s c i e n t i f i c  teams and t o  make 
the adapt ive  programing r e a d i l y  modifiable.  
A second p r inc ip l e  t h a t  should be followed on any mission of long 
enough dura t ion  i s  t o  start with a minimum of autonomy and increase  it a s  
confidence i s  gained. For a T i t an  lander ,  t yp i ca l  a c t i o n  on the f i r s t  
day o r  m o  a f t e r  landing w i l l  include exerc is ing  systems t o  v e r i f y  t h e i r  
condition. During t h i s  phase, few dec is ions  w i l l  be made on Ti tan.  As 
confidence increases ,  more dec is ions  w i l l  be made by the  on-board c o n t r o l l e r .  
The f ixed  schedule of a c t i o n s  and measurements w i l l  be replaced by a f l e x i b l e  
one based on p r i o r i t i e s ,  these being ca lcu la ted  using preprogrammed algori thms 
es tab l i shed  and t e s t e d  on Earth.  The p r i o r i t i e s  w i l l  be influenced by 
real- t ime observat ions so  t h a t  recording of t r a n s i e n t s  and unusual phenomena 
can de fe r  o r  rep lace  l e s s  valuable  a c t i v i t i e s .  
I f  t he  system i s  designed with f l e x i b i l i t y ,  g r e a t  advances i n  a d a p t a b i l i t y  
can be made i n  a s i n g l e  mission, b u t  i f  i t  i s  attempted t o  foresee 
exac t ly  how the system should r e a c t ,  a long s e r i e s  of missions w i l l  be  
required f o r  the same progress.  
Figure 111-25 shows the i n t e r f a c e  between t h e  on-board hardware and 
software f o r  t y p i c a l  adapt ive  sc ience  operat ions i n  a T i t an  explora t ion  
mission. A s t a t u s  a r r a y  which is  acces s ib l e  by both the  landed o r  o r b i t a l  
hardware and by the  various computer subroutinesforms a major p a r t  of the  
in t e r f ace .  The s t a t u s  a r r a y  conta ins  numeric values which have one o r  
more of the  following funct ions:  I) cons tan ts ;  2) input  parameters used 
by opera t ing  rout ines  t o  con t ro l  a s soc i a t ed  hardware; 3) outputs  of the  
lander hardware used i n  decis ions of the  executive c o n t r o l l e r ;  and 4) values 
i nd ica t ing  the s t a t u s  of var ious engineering subsystems. 
An equal ly  important port ion of the hardwarelsoftware i n t e r f a c e  i s  
the equat ion cache which holds the equations by which the execut ive 
c o n t r o l l e r  determines the  p r i o r i t i e s  (How important i s  it t o  do the 
p a r t i c u l a r  a c t i o n ? )  and t h e  f e a s i b i l i t i e s  (Is the  p a r t i c u l a r  a c t i o n  
s a f e  t o  do a t  t h i s  time?) f o r  any decis ion.  
I n t e r f a c e  with the  human ground c o n t r o l l e r s  and s c i e n t i s t s  is  provided 
through the ground commands by which both the  s t a t u s  a r r a y  and the  equa- 
t i o n  cache can be changed. 

5, Fixed AV S o l i d  Rocket Landing System 
PURPOSE 
To provide a  lander with a  fixed-impulse 
s o l i d  rocke t  dece lera t ion  system t h a t  can 
adapt  t o  l a rge  v a r i a t i o n s  i n  descent ve loc i ty  
APPLICATION 
Can be used with a  s o f t  lander  or penetrator .  
CONCEPT DESCRIPTION 
H By use of a radar  a l t i m e t e r  t o  obta in  a l t i t u d  
I+ 
H 
I 
and descent  r a t e ,  an  a l t i t u d e  can be calcu-  
0 
W l a t e d  t o  f i r e  a  AV t h a t  w i l l  place the lander  .on a  predetermined vacuum-free-fall 
curve fo r  a  l a rge  spread of i n i t i a l  terminal 
descent  v e l o c i t i e s .  The AV i s  s i zed  fo r  the 
worst case "Thin" atmosphere. For t he  slow 
descent  cases  (Thick atmosphere) the excess 
AV energy temporarily increases  a l t i t u d e  
(negative ve loc i ty)  bu t  impact ve loc i ty  
remains cons tan t .  Atmospheric drag tends t o  
fu r the r  slow the vehic les  r e l a t i v e  t o  the  
vacuum f r e e - f a l l  curve. 
I Terminal Descent Veloci ty f o r  Various Atmospheres 
A l t i t ude  Thick / I n t e r -  I Thin 
(mediate  i 
Va cuum 
Free-Fal l  Fixed A'V 
UP 0 Down 
L ~ e s i g n  Impact 
Ver t i ca l  Veloci ty 
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Fixed AV So l id  Rocket Landing System 
A f ixed  AV s o l i d  rocke t  landing system has been proposed t o  rep lace  
the conventional l i qu id - th rus t  cont ro l  and shutdown system. The s o l i d  
rocke t  system was o r i g i n a l l y  conceived f o r  landing on a i r l e s s  bodies such 
as Mercury; however, i t  appears t h a t  it can be appl ied  t o  T i t an  wi th  only - 
minor modif icat ions t o  the con t ro l  l og ic .  
The concept i s  most e a s i l y  explained for  an  a i r l e s s  body. The e f f e c t s  
of an  atmosphere such a t  T i t a n ' s  a r e  then discussed. The bas ic  technique 
uses a  f ixed  AV impulse fo r  a l l  descent  v e l o c i t i e s  (be t t e r  con t ro l  can 
be obtained with two f ixed  A V impulses). The magnitude of the A V i s  
s e t  by the maximum descent ve loc i ty  an t i c ipa t ed .  For cases  where the  
descent v e l o c i t y  is  lower, the excess A V  energy i s  d i s s ipa t ed  through 
g r a v i t y  l o s ses .  I n  some cases ,  t he  a l t i t u d e  is temporarily increased 
(negative ve loc i ty ) .  Figure 111-27 i l l u s t r a t e s  t he  a l t i t u d e  (H) and v e r t i c a l  
v e l o c i t y  (VZ) space t h a t  t he  lander  has  entered f o r  a n  a i r l e s s  Ti tan.  The 
family of curves moving down t o  the  r i g h t  a r e  l i n e s  followed by a lander  
f a l l i n g  f r e e l y  to  t he  sur face  under the inf luence of a g r a v i t a t i o n a l  f i e l d  
without an atmosphere. For example, a  lander t h a t  a r r ived  a t  any po in t  
A ,  B or  C a t ,  say, t h e  end of a  major r e t r o  burn would follow t h i s  f r ee -  
f a l l  l i n e  and impact a t  about 100 m / s .  
Figure 111-28 i l l u s t r a t e s  t he  case where t h e  lander  descends from a 
la rge  uncer ta in ty  space and approaches the  a l t i t u d e / v e l o c i t y  l i n e  X-Y-2. 
The lander  must have the  c a p a b i l i t y  of measuring a l t i t u d e  and descent  
ve loc i ty  (Doppler r ada r )  and when i t  reaches any poin t  on l i n e  X-Y-Z 
i t  f i r e s  a  f ixed  AV of 88 m/s ( in  t h i s  i l l u s t r a t i v e  case) .  
This  AV places the lander  on the f r e e - f a l l  l i n e  which w i l l  r e s u l t  
i n  an  impact ve loc i ty  of 35 m / s  f o r  a l l  cases.  The 88 m/s was s ized  
t o  accommodate the worst case (X) and the surp lus  AV f o r  l e s s  demanding 
cases  (e.g,, Y and Z )  was consumed i n  g rav i ty  losses .  
Larger spreads i n  unce r t a in t i e s  o r  reduced f i n a l '  impact ve loc i ty  can 
be e a s i l y  accommodated using two sepa ra t e  s o l i d  motors. Each AV burn 
reduces the unce r t a in t i e s  and places the  lander on a  predetermined descent  
and impact path using only range ( a l t i t u d e )  and range r a t e  information. 
Figure 111-29 dep ic t s  t he  e f f e c t s  of atmospheric drag on t h i s  descent  
technique. The i n i t i a l  uncer ta in ty  is  now represented by terminal descent  
ve loc i ty  t r a j e c t o r i e s  which a r e  shown fo r  th ick ,  intermediate  , and t h i n  
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atmospheres ( the nominal atmosphere i s  very c lose  t o  the  th i ck  model near 
the sur face) .  Also, these terminal  descent v e l o c i t i e s  a r e  nea r ly  constant  
as shown f o r  the last 4 t o  5 1Ln above t h e  sur face .  Again the  vehic le  
must measure a l t i t u d e  and descent  ve loc i ty  and when i t s  computer ca l cu la t e s  
t h a t  it has reached l i n e  X-Y-Z i t  f i r e s  a  predetermined AV. This  impulse 
is  s i zed  t o  accommodate the  h ighes t  ve loc i ty  case ,  X.  Case Y i s  omitted 
f o r  c l a r i t y .  This f i r s t  impulse places the  vehic le  on a predetermined 
vacuum f r e e - f a l l  t r a j e c t o r y  (appropr ia te ly  chosen t o  account fo r  drag 
e f f e c t s ) .  A s  the vehic le  begins t o  f a l l  a long t h i s  t r a j ec to ry ,  atmospheric 
drag w i l l  slow it t o  varying degrees depending on the  atmospheric dens i ty  
a s  i l l u s t r a t e d  by the heavy l i n e s .  The th in  atmosphere case w i l l  more 
c lose ly  follow the vacuum f r e e - f a l l  l i n e s  and a  second f ixed AV may be 
required a s  shown t o  br ing t h e  vehic le  down t o  the design impact ve loc i ty .  
The intermediate  cases  w i l l  a l s o  r equ i r e  t h i s  second AV; however, the  on- 
board computer may choose no t  t o  use t h i s  i f  i t  est imates  an  impact 
ve loc i ty  equal t o  o r  l e s s  than the  design value a s  i n  case Z fo r  the th ick  
atmosphere i n  t h i s  i l l u s t r a t i o n .  
I n  summary, by the use of a  radar  a l t i m e t e r  t o  provide a l t i t u d e  and 
descent ve loc i ty  and by developing a  microprocessor computer program t o  
calculate  estimated t r a j e c t o r y  and drag parameters, it is possible  t o  
l i m i t  impact ve loc i ty  t o  any spec i f i ed  design value with the use of two 
f ixed impulse s o l i d  rocket  motors over a  broad range of atmospheric 
unce r t a in t i e s .  
Fig. 111-27 Free-Fal l  P r o f i l e s  ( Al t i t ude  vs Descent Veloci ty)  
f o r  an Ai r l e s s  T i t a n  
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Fig. 111-29 Atmospheric Drag Effects  on Terminal Descent Concept 
6 ,  Tractor  Braking for  Surface Landers 
PURPOSE 
Provide terminal  propulsive dece l e ra t ion  fo r  
s o f t  l anders  
APPLICATIONS 
Bodies wi th  t h i n  atmospheres 
Bodies without atmospheres 
CONCEPT DESCRIPTION 
S w i e t  technique repor ted ly  employs s o l i d  rocket  
mounted a t  yoke of f i n a l  s t age  parachute.  
Canted nozzles and b l a s t  sh i e ld  p ro t ec t  lander 
from exhaust impingement. J e t t i s o n  of rocke t  
motor terminates  lander dece l e ra t ion  and removes 
debr i s  from landing s i t e .  
Al te rna te  technique supports t r a c t o r  rocke t  
and s t a b i l i z i n g  f i n s  on r i g i d  tower, Options 
f o r  multi-purpose use of tower s t r u c t u r e  include 
mounting of systems bene f i t t ed  by post-landing 
e l eva t ion  (e.g. TV communication antenna) and 
systems incompatible wi th  permanent i n t e r n a l  
i n s t a l l a t i o n  (e.g, RTG) 
SUPPORT REQUIREMENTS 
Communication Relay 
Motor and 
Parachute 
J e t t i soned  
Al te rna te  
S t a b i l i z i n g  F ins  
J e t t i soned  
Fig .  111-30 Tractor  Braking ' for  Surface Landers 
Tractor  Braking f o r  Surface Landers 
For t h e  nominal and t h i c k  models of t h e  Ti tan  atmosphere, l anders  would 
probably no t  r e q u i r e  a terminal  phase of braking propulsion. However, i n  t h e  
case of t h e  t h i n  model atmosphere, parachutes  alone w i l l  probably be inadequate. 
Conventional unmanned landing systems (e.g., Surveyor and Viking) involve 
complex l i q u i d  propulsion systems and soph i s t i ca t ed  guidance sensors  and con t ro l  
log ic .  In  the  case  of t h e  performance-limited Ti tan lander  mission, i t  would 
be advantageous i f  s impler  systems could be employed while  r e t a i n i n g  adapt ive  
f e a t u r e s  t o  accommodate unce r t a in t i e s  i n  t h e  atmosphere. 
Use of a s o l i d  rocket  f o r  f i n a l  propulsion would represent  a simple pro- 
puls ion opt ion  compatible with the  environment and t h e  long mission time. 
However, t h r u s t  terminat ion and t h r u s t  vec tor  cont ro l  a r e  not  r e a d i l y  designed 
i n t o  a small s o l i d  rocket.  A s  an a l t e r n a t i v e ,  the  lander  can be configured 
t o  employ a s o l i d  motor i n  t he  t r a c t o r  propulsion mode; i . e . ,  a f t - f i r i n g  but  
forward-mounted. In  t h i s  case,  t h r u s t  can be e f f e c t i v e l y  terminated by j e t t i -  
soning t h e  motor when dece lera t ion  requirements a r e  s a t i s f i e d .  Rocket nozzles 
must be canted outward and a b l a s t  sh i e ld  provided t o  p ro t ec t  t h e  lander  from 
exhaust impingement. 
The Soviets  repor ted ly  used a vers ion  of t h i s  technique i n  conjunction with 
parachutes f o r  t h e i r  Mars lander  vehic les .  A s o l i d  rocket k7as suspended above 
the  lander  a t  t h e  parachute yoke and or ien ted  t o  a f t - f i r i n g  a t t i t u d e  by t h e  
parachute and gravi ty .  The motor was ign i t ed  a t  a pre-determined a l t i t u d e  and 
re leased  j u s t  p r i o r  t o  touchdown t o  remove t h e  unwanted d e b r i s  from the  landing 
s i t e .  
A v a r i a t i o n  of t he  technique could be based on mounting the  s o l i d  motor on 
an ex tens ib l e  forward tower. In  t h i s  case,  s siniple drag brake could provide 
veh ic l e  o r i e n t a t i o n  t o  t h e  descent t r a j e c t o r y  and t o  t he  Ti tan  sur face .  When 
t h e  motor i s  j e t t i s o n e d  t o  terminate  dece lera t ion ,  r e s idua l  propel lan t  must be 
s u f f i c i e n t  t o  d e f l e c t  t h e  notor case  and t h e  drag brake assembly away from the  
lander .  The motor mount s t r u c t u r e  could remain wi th  t h e  lander  t o  serve  post- 
landing funct ions.  Temporary r e t r a c t i o n  of t he  tower would permit ro l love r  a f t e r  
landing i f  cons is ten t  systems a r e  provided f o r  subsequent recovery acd e rec t ion .  
The tower s t r u c t u r e  could be in t eg ra t ed  with the  lander  design t o  serve  a 
v a r i e t y  of purposes a f t e r  landing. Some of t he  p o t e n t i a l  uses of such a movable 
tower a r e  l i s t e d  below. 
1. Lander systems requiring o r  benefi t ing from elevation above the  
surface (TV, antenna, e tc . )  could be mounted i n  the  tower. To protec t  c r i t i c a l  
elements of such systems from rocket exhaust, a b l a s t  sh ie ld  would be required. 
In addition, t o  avoid contamination by t h e  exhaust plume, a je t t i sonable  pro- 
t e c t i v e  f a i r i n g  may be necessary. 
2. The RTG could be tower-mounted t o  reduce neutron interference with 
science instruments. Also, i f  the  tower posi t ion is  control lable from f u l l y  
extended t o  f u l l y  re t rac ted ,  the  RTG heat  output could be employed a s  an ac t ive  
thermal control  device f o r  t h e  e n t i r e  lander. 
The t r a c t o r  braking lander configuration is  compatible with use on bodies 
without atmosphere by providing an a t t i t u d e  reference and reaction control  
system. Such an applicat ion is  current ly  under consideration f o r  Mercury a s  
pa r t  of a MMC contract with JPL (Ref 111-8). 
7. Dual Penet ra tor  Concept 
PURPOSE 
To provide a  method of measuring hea t  flow by 
p lac ing  two penet ra tors  c lo se  together  a t  
d i f f e r e n t  depths. 
APPLICATION 
Penet ra tors  can en te r  the  T i t an  atmosphere 
d i r e c t l y  o r  be s taged from a lander or  probe 
vehic le .  
CONCEPT DESCRIPTION 
H Two conventional pene t ra tors  a r e  coupled s o  
t h a t  they w i l l  impact c lo se  together .  Upon u 
I 
4 impact t he  coupling i s  destroyed and one 
penet ra tor ,  wi th  a  s o i l  drag brake, i s  r e t a rded  
more than the  o ther .  The penet ra tors  come t o  
r e s t  a t  d i f f e r e n t  depths and can the re fo re  
measure temperature d i f f e r ences  wi th  depth, 
ESTIMATED CHARACTERISTICS 
Conventional pene t r a to r ,  mass 'g 30 kg each of 
two. O r  a  spec i a l i zed  design a t  about 15 kg 
each of two. 
PERFORMANCE 
1 t o  15 meter depth 
Dua 1 
Penet ra tors  
Coupled 
Together 
Drag Brake 
Provides Grea ter  
Depth of Penetrat ion 
Fig. 111-31 Dual Penet ra tor  Configurat ion 
SUPPORT REQUIREMENTS 
Requires o r b i t e r  t o  r e l a y  data  
Dual Penetra t o r  Concept 
Dual Penet ra tors  - Since a  pene t ra tor  comes t o  r e s t  a t  a  s i g n i f i c a n t  
depth below the surface,  it  i s  i n  a  unique p o s i t i o n  t o  measure the 
p lane tary  hea t  flow. This measurement is important t o  the  understanding 
of the  core and s t r u c t u r e  of the planet .  However, it appears very  
d i f f i c u l t  t o  ob ta in  an accurate  measurement of hea t  flow because the 
penet ra tor  i n t e r n a l  hea t  sources and the  RTG when used produce tempera- 
t u r e  grad ien ts  of the same order  of magnitude o r  g rea t e r  than those t h a t  
a r e  being measured. 
Therefore, the  dual pene t ra tor  concept is  suggested a s  a  poss ib le  
so lu t ion  t o  the hea t  flow measurement problem. Two conventional pene- 
t r a t o r s  a r e  l inked  together  with about a  one meter s epa ra t ion  dis tance.  
The r i g i d  l inkage i s  aerodynamically configured t o  provide longi tudina l  
s t a b i l i t y  during descent t o  impact. A t  impact the l inkage between the 
penet ra tors  is sheared o f f  and each continues i n t o  the  ground independ- 
en t ly .  One penet ra tor  i s  provided wi th  a  terradynamic drag r i n g  which 
r e t a r d s  i t s  depth t o  something l e s s  than the  o ther  w i l l  reach. 
Although each penet ra tor  s t i l l  a f f e c t s  the l o c a l  thermal envi roment ,  
the  e f f e c t s  a r e  very s imi l a r  around each one. And, s ince  they a r e  a t  
d i f f e r e n t  depths, the  d i f f e r ence  i n  temperature i s  an accurate  measurement 
of the  v a r i a t i o n  of the thermal'environment a s  a  funct ion of depth, 
The importance of the hea t  flow measurement may warrant a dual  
pene t ra tor  system designed only f o r  t h i s  experiment. I f  t h a t  were the 
case ,  then  smaller  and l i g h t e r  pene t ra tors  compared t o  the  conventional 
Mars design could be used. The dual  pene t r a to r s  could be optimized f o r  
the hea t  flow experiment i n  terms of s t r u c t u r e ,  maximum dece lera t ion ,  
ove ra l l  s i z e  and weight reduct ion,  and reduced power requirements. A 
much g rea t e r  range of impact v e l o c i t y  unce r t a in t i e s  might be accommodated 
fo r  a  spec i a l i zed  design. 
Other so lu t ions  t o  making accura te  measurements of the  hea t  flow 
were considered. I n  the conventional s i n g l e  pene t ra tor ,  not only do the 
on-board e l e c t r o n i c  equipment and RTG a f f e c t  the thermal environment, 
bu t  a l s o  t h e  cav i ty  or  hole above the  penet ra tor  tends t o  modify the  
environment by means of conduction and convection i n  the atmospheric 
gases,  Figure 111-32 shows a technique wherein temperature sensors  a r e  
pro jec ted  ho r i zon ta l ly  i n t o  the s o i l  a  d i s tance  s u f f i c i e n t  t o  reduce 
the  thermal e f f e c t s  from the main penet ra tor  body. A t r a i l i n g  wire 
i s  necessary t o  t ransmit  the temperature s igna l  back t o  the main 
penet ra tor .  
A v a r i a t i o n  of t h i s  technique, c o n s i s t s  of a  p a i r  of d r i l l s  which 
a r e  s u b s t i t u t e d  for  the p r o j e c t i l e s .  A te lescoping d r i l l  s h a f t  would 
provide d i r e c t i o n a l  s t a b i l i t y  and the  s h a f t  could be r e t r a c t e d  a f t e r  
p lac ing  the thermal sensor a t  the extreme pos i t i on  away from the main 
body. Again, two sensors  a r e  requi red  t o  provide a  d i f fe rence  i n  
temperature wi th  depth. 
Fig.  111-32 Temperature Sensor P r o j e c t i l e s  
8. High Peak Power Source  Using T i t a n  Atmospher ic  Methane 
I 
PURPOSE 
To p r o v i d e  h i g h  peak power s o u r c e  f o r  s h o r t  
d u r a t i o n .  
APPLICATION 
High peak power cou ld  o p e r a t e  s u r f a c e  d r i l l s ,  
sample  h e a t i n g ,  l a s e r  power, r a p i d  d a t a  r e t u r n ,  
s o n a r  power ( i f  l i q u i d  s u r f a c e ) ,  m o b i l i t y  
sys t ems ,  e t c .  
CONCEPT DESCRIPTION 
Atmospher ic  methane i s  burned w i t h  a n  o x i d i z e r  
( i . e . ,  0 2 )  and  t h e  combust ion g a s e s  d r i v e  a  
t u r b i n e  powered g e n e r a t o r .  
ESTIMATED CHARACTERISTICS 
S i z e :  20 cm x 20 cm x 3 0  cm 
-N2 P r e s s u r a n t  
Atmospher ic  Methane 
I 
Combustion Chamber 
Gear  Box 
  en era t o r  
Power 
Out put 
Weight :  20 Kg 
PERFORMANCE 
O u t p u t  - 1 2  KW 
O x i d i z e r  Flow Rare - 0.6 Kg/min. 
Fig. 111-33  Methane Powered T u r b i n e  f o r  High 
Peak Power 
High Peak Power Operations 
In  considering various engineering and s c i e n t i f i c  technologies which 
would enhance the  T i t an  mission, the requirement f o r  high peak power w a s  
i d e n t i f i e d .  Although some of the  func t ions  can be done a t  lower powers 
over l a r g e r  time spans, many of the opera t ions  can b e s t  be accomplished 
i n  a s h o r t  period a t  high peak power. These poss ib le  app l i ca t ions  f o r  
high peak power a r e :  
Deep D r i l l i n g  Operations on Surface f o r  the purpose of :  
Core Sample Acquisi t ion 
Heat Flow Experiment I n s t a l l a t i o n  
Implantation of Explosive Sources f o r  Act ive Seismic Experiment 
Sample Processing Operations 
Heating 
Crushing 
Laser Power Supply 
Vaporization of Dis tan t  Objects f o r  Spec t ra l  Analysis 
Long Distance I l luminat ion  
Atmosphere Occul ta t ion  (Using Orb i t e r )  
Laser Communications 
Very Rapid Data Return 
Ki lobi t jSec  Imaging System 
Data Return t o  Preclude Loss i f  Lander i s  Shor t l ived  
Sonar Power Supply ( i f  Liquid Surface)  
Mobil i ty  System Peak Loads 
Various power sources were b r i e f l y  considered, and the choice of t he  
optimum device would be dependent on the s p e c i f i c  app l i ca t ion .  Candidates 
include high performance b a t t e r i e s ,  thermal b a t t e r i e s ,  and a u x i l i a r y  power 
un i t s .  Thermal b a t t e r i e s  use a molten e u t e c t i c  sal t  and a r e  usua l ly  app l i ed  
t o  very sho r t  time app l i ca t ions  from seconds t o  a few minutes. This  b r i e f  
a n a l y s i s  was pr imar i ly  concerned with t h e  a u x i l i a r y  power u n i t  which 
appears t o  meet the requirements of the above l i s t .  
T i t a n  provides a unique opportuni ty f o r  use of i t s  atmospheric 
methane a s  a f u e l  supply f o r  a power u n i t  and the  lander  is  only requi red  
t o  c a r r y  the  oxid izer .  The a u x i l i a r y  power u n i t  i s  based on the  a i r c r a f t  
type device and it c o n s i s t s  of a tu rb ine  dr iven by ho t  gases from e i t h e r  
a n  atmosphere methane/oxidizer p rope l l an t  or  a hydrazine-water monopropellant 
t h a t  is decomposed through a c a t a l y s t .  
111-74 
RE9R6:DCGSKdI?"Z OF TEE 
O R I G ~ J L ~  1s Po@@ 
The gear  box output  s h a f t  can be used t o  d r i v e  e i t h e r  an e l e c t r i c a l  
generator  o r  a hydraul ic  pump depending on t h e  app l i ca t ion ,  For energy1 
performance comparison only, the  I s p  of methaneloxygen is 263 sec  and of 
hydrazine monopropellant i s  208 sec .  However, the oxygenlmethane system 
may r equ i r e  some add i t i ona l  hardware such a s  a small turbo-supercharger t o  
cont ro l  in take  of atmospheric methane. 
The weight per power output  of these  devices i s  about 3.5 Ibs/kw or  
1.6 kglkw excluding the propel lan t  system. 
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10. Tethered Balloon f o r  E leva ted  Sc ience  P la t fo rm 
PURPOSE 
To provide  a n  e l e v a t e d  p l a t f o r m  f o r  imaging 
cameras s o  t h a t  images can be obta ined beyond 
l o c a l  o b s t a c l e s  and s t e r e o  images can be 
o b t a i n e d  i n  v a r i o u s  a l t i t u d e s .  
APPLICATION 
Can be used wi th  a  s o f t  o r  hard l a n d e r  
CONCEPT DESCRIPTION 
The small b a l l o o n  i s  i n f l a t e d  wi th  helium and 
i s  r e l e a s e d  t o  r i s e  on a  t e t h e r  t o  v a r i o u s  
d e s i r e d  a l t i t u d e s .  Te the r  provides  power 
from t h e  l ander  and d a t a  from t h e  imaging 
camera. 
ESTIMATED CKARACTERISTICS 
Camera mass, 6 .0  Kg, Bal loon Diameter,  2 . 2  m 
Bal loon and Helium mass, 3 .1  Kg 
PERFORMANCE 
V a r i a b l e  a l t i t u d e ,  i n d e f i n i t e  d u r a t i o n  
TV Camera / 
T e t h e r  L ines  
SUPPORT REQUIREMENTS 
F i g .  111-35 Tethered Bal loon Elevated Science  P l a t f o r m  
Lander r e l a y s  data  t o  o r b i t e r ,  provides  power. 
11. "Thin" Model Atmosphere Helium B a l l o o n  
PURPOSE 
To p r o v i d e  more d e t a i l e d  measurements  01 com- 
p o s i t i o n  i n  t h e  c l o u d s  and Th in  a tmosphe re  
where a  l a n d e r  may have  descended t o o  r a p i d l y  
f o r  s u f f i c i e n t  measurements .  
APPLICATION 
R e l e a s e d  from l a n d e r  t o  o b t a i n  v e r t i c a l  p r o f i l e  
a t m o s p h e r i c  cla t a  . 
CONCEPT DESCRIPTION 
B a l l o o n  is  i n f l a t e d  w i t h  h e l i u m  o r  hydrogen  
H g a s  and  r e l a y s  i t s  d a t a  t o  t h e  l a n d e r .  
H 
H 
I ESTIMATED CHARACTERISTICS 
CO 
Payload  Weight - 7 Kg 
F l o a t e d  Weight  - 27  Kg 
Ba l loon  Diameter  - 14 .8  m 
PERFORMANCE 
F l i g h t  Time - 1 hour  a s c e n t  
Des ign  A l t i t u d e  - 25 Km 
Ambient P r e s s u r e  - 8.2 mb ("Thin" model a m . )  F i g .  111-36 Helium B a l l o o n  Sonde 
Ze ro  P r e s s u r e  
He 1 ium Ba 11 oon 
Volume 1 7 0 0 m 3  
Diameter  14.8 m 
S UPPORT REQUIREMENTS 
R e l a y s - d a t a  t o  e i t h e r  l a n d e r  o r  o r b i t e r .  
Balloon Svstem Applicat ions t o  T i t an  Missions 
Balloon systems a r e  u se fu l  i n  obta in ing  atmospheric da t a  and providing 
long dura t ion  platforms f o r  p a r t i c u l a r  experiments. A unique a s p e c t  of 
balloon app l i ca t ions  a t  T i t a n  is t h e  poss ib le  use of the  atmospheric 
methane as a fue l  f o r  a "hot atmosphere" balloon. I n  t h i s  case,  only the 
oxidizer  needs t o  be  ca r r i ed  along i n  t he  form of N204 or l i q u i d  oxygen. 
Also, a monopropellant could be used. 
I f  the  "thin" atmosphere model i s  a s t rong  p o s s i b i l i t y  during t h e  system 
design phase, then a very l igh tweight  bal loon would be usefu l  i n  providing 
a de t a i l ed  v e r t i c a l  p r o f i l e  s ince  a lander  would descend through t h i s  
atmosphere a t  a very high r a t e .  These ba l loon  app l i ca t ions  a r e  discussed 
i n  more d e t a i l  below: 
1 )  A v e r t i c a l  p r o f i l e  balloon car ry ing  a gas chromatograph t o  ob ta in  
more d e t a i l e d  composition measurements through t h e  clouds and lower 
atmosphere. This might be e s p e c i a l l y  valuable  i n  the  "Thin" model 
atmosphere i n  which a lander  might descend too r ap id ly  t o  al low s u f f i c i e n t  
time f o r  measurements. 
2)  A bal loon with pressure,  temperature,  a l t i m e t e r ,  and a t ransce iver  
f o r  t racking t o  obta in  da t a  on atmospheric c i r c u l a t i o n .  This design could 
use e i t h e r  helium gas o r  burn the  atmospheric methane with N204 t o  provide 
a "hot atmosphere" balloon. 
3) A t e thered  bal loon could provide a n  elevated platform f o r  a n  
imaging experiment. 
The v e r t i c a l  p r o f i l e  bal loon,  f o r  the  "thin" atmosphere, can be 
designed a s  a zero pressure type bal loon f o r  the  l i g h t e s t  poss ib le  weight. 
This allows a very th in  f i l m  and scrim balloon mater ia l  s ince  the pressure 
i n s ide  the bal loon i s  e s s e n t i a l l y  equal t o  the  atmospheric ambient pressure.  
However, a zero pressure bal loon i s  no t  very s t a b l e  and w i l l  descend i f  
i t  encounters a reduced temperature (crossing the  terminator t o  t he  dark 
s ide )  o r  an  upward gus t  which w i l l  vent  some of the  helium. 
Figure 111-37 presents  a summary of c h a r a c t e r i s t i c s  f o r  t h i s  bal loon design. 
The science and engineering payload weighs 6.9 kg including b a t t e r y  power 
fo r  a one-hour a scen t  and l e v e l  f l i g h t .  This provides ample time t o  make 
numerous gas chromatograph readings through the  lower atmsophere t o  an  
a l t i t u d e  of 25 km. Because of the extremely low pressure and dens i ty  of 
the "thin" atmosphere, i t  i s  d i f f i c u l t  t o  design a balloon fo r  a l t i t u d e s  
much g rea t e r  than 25 km. Some gain i s  possible  through use of hydrogen 
a s  the i n f l a t i o n  gas; however, high pressure s torage  of hydrogen i s  not  
f e a s i b l e  i n  t i tanium tanks due t o  hydrogen embrittlement. Filament 
wrapped tank technology would be required.  
For determining atmospheric c i r c u l a t i o n ,  i t  i s  des i r ab l e  t o  extend the 
l i f e t i m e  of the balloon. This can be done by use of a superpressure type 
balloon o r  by a n  a c t i v e  resupply of l o s t  l i f t .  One method for  resupplying 
l o s t  l i f t  i s  t o  use a "hot atmosphere" bal loon which may obta in  h e a t  by 
burning the  atmospheric methane (nominal atmosphere), with N2O4 o r  o ther  
ox id izer  c a r r i e d  on-board the bal loon gondola. This  balloon design is  
summarized i n  Figure 111-38. The payload includes pressure,  temperature,  
a l t i m e t e r  and a t ransce iver  f o r  t racking  and s u f f i c i e n t  b a t t e r y  power 
and oxid izer  f o r  a 2.5-hour t o t a l  mission a t  an  a l t i t u d e  of 42 krn. The 
l imi t ing  c o n s t r a i n t  on l i f e t i m e  i s  the  amount of ox id izer  required t o  
o f f s e t  the  hea t  l o s s  fro21 the bal loon t o  the  surrounding atmosphere. 
For a "hot atmospherett bal loon,  the i n i t i a l  deployment and i n f l a t i o n  
can be accomplished by the  technique shown i n  Figure 111-39. The bal loon i s  
packaged d i r e c t l y  over the me thane/^ 0 burner i n  a t o ro ida l  c a n i s t e r .  2 4 
When the burner i s  i gn i t ed ,  the  i n i t i a l  ho t  gas only has t o  l i f t  t h a t  
small por t ion  of bal loon t h a t  i s  d i r e c t l y  over the burner.  When completely 
extended, the balloon p u l l s  the  gondola away from the  lander body and 
continues t o  ascend t o  i t s  design a l t i t u d e .  The burner i s  then cycled t o  
maintain some p re se t  a l t i t u d e  range. 
For comparison, a helium gas bal loon was designed using the super- 
pressure concept t o  maintain the  des i red  a l t i t u d e .  Although a much s t ronger  
balloon wall  is required,  the balloon volume can be much smaller fo r  the  
same l i f t  and the  payload weight can be reduced s ince  no oxid izer  i s  
required.  However, heavy, high pressure helium tanks a r e  required on the  
lander  and the re fo re  the t o t a l  system weights a r e  somewhat heavier  than 
the  "hot atmosphere" bal loon system weights. Figure 111-40 summarizes 
t h i s  helium bal loon design f o r  the nominal atmosphere model, 
Fig. 111-37 "Thin Atmosphere" Zeropressure Helium Balloon 
MTA I U I U Y  
/ 
Fig. 111-38 "Hot Atmosphere" Balloon Using Atmospheric 
Methane and N204 Oxidizer 
111-81 
BALLOON FULLY INFLATED 
AT DESIGN ALTITUDE 
r 
t 
1 
I 
1. BALLOON PACKAGED 2. INITIAL HEATING 3. BALlLrm DEPLOYED 
Fig. 111-39 "Hot Atmospheret1 Bal loon Deployment Technique 
DESICN CONDITIONS 
NOMINAL ATKOSPHERE 
h - 4 2 b  
PA - 5 0  mb 
MPLATIOPI SYSTEM 
* e m  w p m  wnr, wss - 24.3 b 
Fig. 111-40 Helium Superpressure  Bal loon ~ b s i ~ n  
111-82 
12. Two-Wheel Crawler 
PURPOSE 
To provide mobi l i ty  fo r  small  landers  t o  
extend science explora t ion  or recover from 
undesirable  lander l oca t ion  
APPLICATIONS 
So l id  sur face  bodies wi th  t e r r a i n  c h a r a c t e r i s t i c  
of sand, snow or  ice .  
T i tan  sur face  model involving p o s s i b i l i t y  of 
p a r t i a l  or complete coverage with l i q u i d  o r  
s lu sh  methane. 
CONCEPT DESCRIPTION 
H 
H S p h e r i c a l l a n d i n g c o n f i g u r a t i o n w i t h n e t  
H 
I p o s i t i v e  buoyancy. Post-landing l a t e r a l  
M 
w sepa ra t ion  of p ro t ec t ive  hemispheres t o  
provide wheel base f o r  p a r a l l e l  two-wheel 
d r ive  sys  tern. Independent, r e v e r s i b l e  motors 
f o r  each wheel. Drive torque r e a c t i o n  force  
from o f f s e t  center-of-gravi ty r e l a t i v e  t o  
wheel r o t a t i o n  ax is .  Large f o o t p r i n t  wheel 
t reads  designed i n t o  body-cover hemispheres 
or  extended from lander  body. 
PERFORMANCE 
Range and r a t e  of progress  dependent on power 
a v a i l a b i l i t y  and autonomous course con t ro l  
c a p a b i l i t i e s .  
SUPPORT REQUIREMENTS Fig .  111-41 Two-Wheel Crawler 
Communication r e l a y  
Two-Wheel Crawler 
Post-landing mobil i ty  f o r  a T i t an  lander  would o f f e r  t h e  usual  advantages 
quoted f o r  su r f ace  opera t ions  on t e r r e s t i a l  bodies. I n  add i t i on ,  t h e  possibi-  
l i t y  of a T i t an  su r f ace  cons i s t i ng  p a r t i a l l y  o r  e n t i r e l y  of l i q u i d  methane may 
provide f u r t h e r  impetus. 
O f  t he  many mobi l i ty  concepts which have been s tud ied  a t  t C ,  one which 
may be p a r t i c u l a r l y  app l i cab le  t o  T i t an  involves two side-by-side wheels wi th  
independent dr ive.  For t h i s  conf igura t ion ,  d i f f e r e n t i a l  wheel speed would con- 
t r o l  d i r e c t i o n  and an  opt ion f o r  free-wheeling r o l l  down slopes could be incor -  
porated. 
A b a s i c  s p h e r i c a l  shape with se l f - r i gh t ing  c a p a b i l i t y  could be separated 
on an equa to r i a l  p lane  a f t e r  landing. The two hemispheres would be comprised 
of shock a t t enua t ion  ma te r i a l  with i n s u l a t i n g  and f l o t a t i o n  p rope r t i e s .  Also, 
they could be  employed d i r e c t l y  as la rge- footpr in t  t i r e s  a f t e r  l a t e r a l  separa- 
t i o n  by reverse  te lescoping  t h e  enclosed lander  body. This opt ion depends on 
minimizing damage t o  t he  t r ead  sur faces  by o r i en t ing  t h e  touchdown a t t i t u d e  t o  
impact on t h e  wheel ax i s .  A s  an a l t e r n a t i v e ,  i f  such damage cannot be avoided, 
stowed segmented wheels could be deployed from t h e  pro tec ted  lander  body. 
Motive torque f o r  t h e  2-wheel conf igura t ion  can be provided by one of two 
b a s i c  methods. I f  t h e  lander  center-of-gravity i s  o f f s e t  from the  wheel ro ta -  
t i o n  a x i s ,  T i t an  g rav i ty  w i l l  provide a fo rce  f o r  r eac t ing  with wheel d r i v e  tor -  
que. Vehicle speed and s lope  climbing a b i l i t y  (without roll-over of t h e  lander  
body) w i l l  be l i m i t e d  by the  amount of c.g. o f f s e t .  A l t e rna t ive ly ,  a drag de- 
v i c e  could be extended from t h e  lander  body t o  contac t  t he  sur face  a t  a pos i t i on  
d 
providing advantageous leverage.  I n  t h i s  case,  r e v e r s a l  of t h e  lander  d i r e c t i o n  
would requi re  t h e  drag  device (and lander  body) t o  r o t a t e  up and over t o  t h e  
oppos i te  pos i t i on  thus  misal igning forwarddirected lander  sensors .  To avoid 
t h i s  r e s u l t ,  i t  would be p re fe rab le  t o  t u r n  180' r a t h e r  than attempt revers ing .  
Mobility while  f l o a t i n g  i n  l i q u i d  can be r ead i ly  accomplished by wheel 
r o t a t i o n  i f  t he  c.g. i s  o f f s e t .  A s u b s t i t u t e  "drag" device would r equ i r e  buoy- 
ant y . 
T i r e  t r ead  design could include cons idera t ion  of sand and "snow". Even 
i c e  could be accommodated with implanted metal  s tuds .  F ina l ly ,  t r a c t i o n  i n  
l i q u i d  could be incorporated i n  t h e  design. 
Reclosure of the hemispheres could be required for such purposes as ther- 
mal control. Also, such a capability would provide protection from uncontrolled 
roll arising from improper mobility maneuvers. In such cases, self righting 
features would be needed to resume operations. 
13. Deployable Mass Spectrometer  
PURPOSE 
Obtain  composit ion o f  s u r f a c e  m a t e r i a l  w i t h o u t  
s o p h i s t i c a t e d  s o £  t l a n d e r .  
APPLICATION 
Surv ivab le  e n t r y  probe o r  smal l  hard  l a n d e r .  
DESCRIPTION 
Mass spectrometer  s e n s o r  equipped w i t h  h e a t  
source  i s  deployed from probe a f t e r  touchdown 
H 
H S u r f a c e  m a t e r i a l  vapor ized  by h e a t  source  i s  
H 
I ana lyzed  by mass spec t romete r  and d a t a  t r a n s m i t t e d  
CO 
rn back through probe t e l e m e t r y  system. 
CHARACTERISTICS 
Mass 6 kg Mass Spectrometer  
.5 kg Heat Source 
SUPPORTING REQUIREMENTS 
Probe systems capab le  o f  s u r f a c e  impact s u r v i v a l .  
Landed ,Probe 
Sensor and 
Heat Source 
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Deployable Mass Spectrometer 
One of the major quest ions about T i t a n ' s  sur face  is  whether i t s  
sur face  i s  made up of hydrocarbons t h a t  have condensed out  of the  atmosphere. 
A soph i s t i ca t ed  s o f t  lander  would determine t h i s  composition through 
de t a i l ed  ana lyses  of samples brought on-board. However, a l e s s  complex 
lander ,  o r  a probe designed t o  survive impact, could obta in  a s i g n i f i c a n t  
amount of information about the  su r f ace  composition with a mass spectrometer 
and a hea t  source f o r  vaporizing the sur face  ma te r i a l .  I n  the case of the 
survivable  probe, t he  normal l oca t ion  f o r  the  mass spectrometer i n l e t  w i l l  
probably be damaged on impact, therefore  a s epa ra t e  deployable device i s  
envisioned. Use of a mechanism, such as the  te lescoping arm shown i n  
the  i l l u s t r a t i o n ,  f o r  deploying t h e  mass spectrometer /heat  source u n i t  
provides a way of pos i t ion ing  the  u n i t  so  t h a t  i t s  hea t  source and mass 
spectrometer i n l e t  por t  a r e  fac ing  downward. (A version i n  which the  u n i t  
i s  ca tapul ted  away from the probe would have t o  have b i -d i r ec t iona l  
capab i l i t y . )  
The da t a  from ~e mass spectrometer i s  t ransmi t ted  v i a  the probe 
antenna ( t o  the  r e l a y  spacecraf t )  unless enough damage i s  a n t i c i p a t e d  t o  
occur on probe systems on impact t o  warrant  bu i ld ing  a te lemetry package 
i n t o  the  deployed sensor u n i t .  
I f  p r a c t i c a l ,  the deployable instrument should a l s o  be u t i l i z e d  during 
probe descent phase measurements so t h a t  dual systems a r e  avoided. In tegra-  
t i o n  problems a r e  a n t i c i p a t e d  i n  i s o l a t i n g  the  h e a t  source u n t i l  requi red  
i f  i t  c o n s i s t s  of an  isotope hea t e r  type, and a l t e r n a t i v e s  t h a t  could be 
remotely a c t i v a t e d  should be explored. 
14. D r i i l  -Augmented P e n e t r a t o r  
PURPOSE 
Improve performance and o p e r a t i n g  c h a r a c t e r i s t i c s  
o f  p e n e t r a t o r s  
APPLICATIONS 
Sub-surface emplacement of s c i e n c e  ins t ruments ,  
se i smic  charges ,  e t c ,  
CONCEPT DESCRIPTION 
High-speed r o t a t i n g  d r i l l  head a t  forward end 
of p e n e t r a t o r  s t o r e s  angu la r  k i n e t i c  energy 
der ived  from s p a c e c r a f t  power supply,  Linear  
k i n e t i c  energy a s s o c i a t e d  w i t h  impact v e l o c i t y  
can be reduced f o r  same p e n e t r a t i o n  depth.  
Energy exchange f a c t o r  r e q u i r e s  e m p i r i c a l  t e s t i n g ,  H 
H 
I I f  e f f i c i e n t  exchange c a n  be achieved,  advantages 
03 
co would inc lude :  reduced peak d e c e l e r a t i o n  l e v e l s ,  
reduced s e n s i t i v i t y  t o  impact c o n d i t i o n s ,  c o n t r o l  
of ins t rument  placement dep th  by j e t t i s o n  o f  t h e  
d r i l l  head. Design compl ica t ions  r e s u l t  from 
descen t  through an  atmosphere. A f a i r i n g  around 
t h e  d r i l l  head r e q u i r e d  t o  avoid  s e v e r e  windage 
l o s s e s ,  Movable f i n s  and a c t i v e  n u t a t i o n  c o n t r o l  
necessa ry  t o  manage t h e  angu la r  momentum v e c t o r .  
SUPPORT REQUIREMENTS 
Communication r e l a y  
Communication 
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Drill-Augmented Penetra t o r  
Conventional pene t ra tors  depend on l i n e a r  energy propor t iona l  t o  sur face  
contac t  ve loc i ty .  Penet ra t ion  c a p a b i l i t i e s  and dece lera t ions  imposed on veh ic l e  
subsystems a r e  a f f ec t ed  by t h e  na tu re  of t h e  su r f ace  and subsurface material 
encountered. A s  a consequence, over-design is  necessary f o r  some condit ions 
and over-performance r e s u l t s  f o r  o the r  condit ions.  Also, alignments of t h e  
veh ic l e  a t t i t u d e  t o  t h e  ve loc i ty  vec to r  and t o  t h e  sur face  t e r r a i n  normal a r e  of 
major concern. 
It may be poss ib l e  t o  augment pene t r a to r  performance and reduce s e n s i t i v i -  
t i e s  t o  primary va r i ab l e s  by providing a high speed r o t a t i n g  d r i l l  head a t  
t he  forward end. I f  s u b s t a n t i a l  angular energy i s  impar t ed to  t h e  r o t a r y  d r i l l  
by o r b i t e r  spacec ra f t  power and preserved through sur face  contac t ,  depth of 
pene t ra t ion  f o r  a f i xed  impact v e l o c i t y  should be increased. Conversely, f o r  
f i xed  depth of pene t ra t ion ,  a reduct ion of impact v e l o c i t y  should be permissable. 
If a p r a c t i c a l  design c o u l d  be developed,  t h e  augmented pene t r a to r  would 
o f f e r  t he  following p o t e n t i a l  advantages f o r  subsurface emplacement of payload 
(instruments,  seismic charges,  e t c . ) .  
1. Reduced s e n s i t i v i t y  t o  impact ve loc i ty  v a r i a t i o n s  assoc ia ted  with atmos- 
phere unce r t a in t i e s .  
2. Reduced g-levels imposed on veh ic l e  systems and payload instruments 
f o r  a given depth of penetrat ion.  
3. Increased to le rances  f o r  off-perpendicular sur face  contac t  and f o r  
aerodynamic angle of a t t a c k  a t  sur face  contact .  
4. Opportuni t ies  t o  t a i l o r  t h e  d r i l l  c h a r a c t e r i s t i c s  t o  t he  expected sub- 
sur face  ma te r i a l  (e.g., i c e  versus pulverized rock).  
5.  Option t o  avoid excessive penet ra t ion  by j e t t i s o n i n g  the  d r i l l  head 
a f t e r  achieving a des i r ed  depth. 
6 .  Decreased i n e r t  mass f o r  emplacement of a given payload. 
7. Decreased p e n a l t i e s  f o r  accommodating l a r g e  dismeter sc ience  ins t ru-  
ments. 
Design complications a r e  introduced by operat ion of such a veh ic l e  i n  a 
s ens ib l e  atmosphere. For ins tance ,  t o  avoid excessive l o s s e s  of angular energy 
t o  windage, a f r ang ib l e  o r  j e t t i s o n a b l e  f a i r i n g  would be required t o  enclose 
the  d r i l l  head. The clearance space could be evacuated o r  f i l l e d  wi th  a low 
dens i ty ,  low v i s c o s i t y  gas. A more se r ious  problem could be t h a t  of management 
of t h e  angular momentum vec tor  during descent.  Dependence on simple aerodynamic 
s t a b i l i t y  (normally an advantage f o r  pene t ra tors )  m y  no t  be s u f f i c i e n t .  It may 
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be necessary t o  provide a c t i v e  nuta t ion  cont ro l  with cont ro l  forces  derived 
from movable aerodynamic surfaces.  
Technology requirements include high s t rength  m t e r i a l s  t o  permit extremely 
high spin r a t e s  and t o  maintain sharp c u t t i n g  edges i n  abrasive material.  Design 
of d r i l l  f l u t e s  and determination of proper r a t i o s  of l i n e a r  and angular energies 
would requi re  empirical tes t ing .  
15. Autonomous Landing S i t e  S e l e c t i o n  and Hazard Avoidance Guidance System 
PURPOSE 
To improve l and ing  r e l i a b i l i t y  i n  unknown t e r r a i n .  
APPLICATION 
Appropr ia te  t o  "convent ional"  T i t a n  l a n d e r ,  
o t h e r  p l a n e t a r y  body l a n d e r s ,  and t h e  proposed 
combined T i t a n  O r b i t e r / P r o b e / ~ a n d e r  v e h i c l e  
(TOPL) . 
CONCEPT DESCRIPTION 
Video s e n s o r s  scan p o t e n t i a l  l and ing  s i t e s  and 
process  l i g h t  i n t e n s i t y  r e c e i v e d  i n  v a r i o u s  
f requency bands t o  determine c o n t r a s t  and thus  
t h e  r e l a t i v e  smoothness o f  v a r i o u s  s i t e s .  
ESTIMATED CHARACTERISTICS 
Mass - 6 Kg 
Power - 12 W 
7 Data S t o r a g e  - 4 x 10 b i t s  
PERFORMANCE 
Detec t ion  and avoidance o f  o b s t a c l e s  down t o  
a f r a c t i o n  of a l ander  dimension.  Scanned Field-of-View 
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Autonomous Landing S i t e  Se l ec t ion  and Hazard Avoidance Guidance Systems 
For a lander  en ter ing  an unknown environment, i t  is  des i r ab l e  t o  
provide naviga t ion  during en t ry  and s c i e n t i f i c  s i t e  s e l e c t i o n  and obs t ac l e  
avoidance during the terminal descent  phase of f l i g h t  by way of autonomous 
real- t ime observat ion and dec is ion  making. The bas ic  technology ( requi red)  
has been inves t iga ted  wi th  regard t o  advanced Mars landers  and successfu l ly  
demonstrated i n  the labora tory ,  s ee  Ref. 111-4. It the re fo re  appears appro- 
p r i a t e  t o  extend t h i s  technology t o  T i t an  Lander missions. Also, a p p l i -  
ca t ion  of  developments i n  the a r e a  of Earth resources s a t e l l i t e s  involving 
t racking  a p a r t i c u l a r  sur face  f ea tu re  would have app l i ca t ion  to  T i t an  
lander  guidance systems. 
Advanced Video Guidance System 
A b r i e f  desc r ip t ion  of the landing guidance system suggested i n  Ref III- 
4 i s  given i n  the  following paragraphs. 
The guidance system begins i t s  funct ion during terminal descent.  A t  
approximately 1000 meters ,  the system i s  ac t iva t ed  and dynamically scans 
the  a r ea  surrounding the  impact point  predicted by the lander computer. 
The video data  a r e  then processed, r e s u l t i n g  i n  a s t e e r i n g  command t o  
the  lander  computer and, consequently, t o  the propulsion subsystem t o  
avoid a reas  containing rocks, c r a t e r s ,  and major s lopes.  Use of e l ec t ron ic  
beam pos i t ion ing  obvia tes  the need f o r  extensive da t a  processing of t he  
e n t i r e  a r e a ,  and the need f o r  mechanical gimbals o r  fo r  r eo r i en t ing  the 
vehic le  t o  observe the  a r ea  about  the Predicted Impact Poin t  (PIP).  The 
scanned f i e l d  of view i s  a f ixed angle ,  i . e . ,  the sur face  a rea  scanned 
diminishes a s  a funct ion of a l t i t u d e  while r e so lu t ion  improves. Af t e r  
the  guidance system scans the sur face ,  the video data  a r e  processed 
and a new impact point  i s  s e l ec t ed  ( the  a r ea  with the Least con t r a s t ) .  
A b i a s  s t e e r i n g  command t o  the  lander  computer i n i t i a t e s  maneuvering t o  
the preferred landing s i t e .  The sequence is  repeated a t  i n t e r v a l s  u n t i l  
a n  a l t i t u d e  of about 15  meters from the sur face  i s  reached. 
The s i t e  s e l e c t i o n  algori thm i s  implemented a s  follows. Receiving a 
pos i t ion ing  command from the  lander  computer, the scanned f i e l d  of view 
i s  centered about  t h i s  po in t ,  and a mat r ix  of a r eas  i s  scanned, a s  shown 
i n  Figure 111-45 
TOTAL F IELD OF VIEW (TFV) 
SCANNED F I E L D  OF VIEW (SFV) 
PREDICTED IMPACT POINT (PI?) 
I 
I 
Fig. 111-45 Scan Format 
The video s i g n a l  i s  then processed by t h e  a p p r o p r i a t e  f i l t e r s ,  as 
shown i n  Figure 111-46 
LOW-PASS 
FILTER 
RATE) 
20 Hz 
BANDPASS 
FILTER 
30 HZ TO 9 kHz titVM 
HIGH-PASS 
FILTER 
1 k t o  30 kHz 
Fig .  111-46 Video Signal  Processor 
The r a t i o s  of the outputs  i n  the  various frequency bands a r e  thus a 
q u a n t i t a t i v e  measure of the  degree of "contrast"  e x i s t i n g  i n  a given a r e a .  
The b e s t  landing s i t e ,  the smoothest a r e a ,  i s  the one with the l e a s t  
"cont ras t"  and i s  the one se l ec t ed  by the  system a s  the  new impact po in t .  
Future Work 
The s ign i f i cance  of the work accomplished t o  da t e  i s  t h a t  t h e  output  
of a scanning sensor system such a s  a TV camera can be operated on by 
conventional f i l t e r i n g  techniques and simple processing algori thms t o  
a r r i v e  a t  an adapt ive  and autonomous sensor  system capable of making 
i n t e l l i g e n t  dec is ions .  I n  o the r  words,  computational and hardware 
complexity i s  no t  requi red  t o  provide an  adequate degree of i n t e l l i g e n c e  
for  the proposed app l i ca t ions .  Further  experimental work, however, i s  
requi red  t o  provide a more comprehensive d e f i n i t i o n  and s e l e c t i o n  of the 
observables,  and t o  optimize the  algori thms and data  formatt ing e l e c t r o n i c s  
fo r  a p a r t i c u l a r  mission. The f u t u r e  a c t i v i t y  needed t o  make video 
guidance systems a v a i l a b l e  f o r  T i t a n  and o ther  planetary body landers  a r e  
sumnarized below; 
(1) An imaging sensor t radeoff  s tudy i s  required t o  s e l e c t  t he  most 
s u i t a b l e  camera f o r  t he  time frame of i n t e r e s t .  Advanced technology 
cameras, such a s  charge-coupled devices,  should be considered a s  w e l l  a s  
IR and Laser devices i n  view of uncer ta in  l i g h t  l e v e l s  a t  the sur face .  
(2) A labora tory  t e s t  program should be conducted t o  evaluate  proto- 
type system performance a g a i n s t  sca led  t a r g e t  models with the a n t i c i p a t e d  
albedo, geomorphological , and i l luminat ion  cha rac t e r i s  t i c s .  
(3) Continued d i g i t a l  s imula t ion  i s  necessary i n  order t o  es t imate  
advanced video guidance system's  impact of f u e l ,  s t a b i l i t y ,  and maneuvering 
c a p a b i l i t y  fo r  s p e c i f i c  t r a j e c t o r i e s .  
( 4 )  Ultimately, a he l i cop te r  f l i g h t  test would provide a n  exce l l en t  
performance eva lua t ion  check. 
Also, the  techniques developed f o r  a c q u i s i t i o n ,  point ing,  and t racking  
from o r b i t  f o r  Ear th  resources purposes show promise f o r  recognizing and 
t racking  ob jec t s  of i n t e r e s t  on the  T i t an  sur face  f o r  navigat ion and 
s c i e n t i f i c  s i t e  s e l e c t i o n  purposes. 
16. S e l f  P rope l led  P e n e t r a t o r  Concept 
PURPOSE 
To produce a  c o n t r o l l e d  p e n e t r a t o r  
v e l o c i t y  a t  impact r e g a r d l e s s  of 
a  trnospheric d e n s i t y  
APPLICATION 
Parachu te  p e n e t r a t o r s ,  penetrobe 
o r  l a n d e r  c a r r i e d  p e n e t r a t o r s  
DESCR LPTION 
P e n e t r a t o r  a f t e rbody  i s  equipped 
H w i t h  s o l i d  r o c k e t  motor t o  augment 
H 
H k i n e t i c  energy of f r e e  f a l l ,  o r  t o  
\lo prov ide  e n t i r e d v i n  t h e  c a s e  of l a n d e r  
a 
c a r r i e d  pene t r a t o r s  
CHARACTERISTICS 
Mass - 2 t o  4 kg f o r  s o l i d  r o c k e t  
SUPP ORTING REQUIREMENTS 
Radar a l t i m e t e r  and d e s c e n t  r a t e  
sensor  (Doppler r a d a r )  and micro 
c o n t r o l l e r  f o r  impulse s e l e c t i o n  
R e t r o  Element 
P e n e t r a t o r  
S o l i d  Motor 
..-.A ----
J e t t i s o n e d  
(a) Parachute  Descent/  (b) Lander Mounted Vers ion 
Multi-Impulse Motor 
Vers ion 
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Se l f  Propelled Pene t ra tor  Concept - Penet ra tors  provide subsurface 
data  t h a t  i s  d i f f i c u l t  t o  ob t a in  wi th  any of the other  explora t ion  modes, 
e-g., hea t  flow, "so i l "  s t r u c t u r e  and layer ing ,  and subsurface chemical 
composition. However, c o n t r o l l i n g  the  impact v e l o c i t y  purely by b a l l i s t i c  
c o e f f i c i e n t  v a r i a t i o n  is  d i f f i c u l t .  The idea of adding v a r i a b l e  impulse- 
l e v e l  propuls ion was discussed i n  conjunct ion with the Penetrobe concept 
(See Page 111-41) and i t  is a l s o  appropr ia te  f o r  an ind iv idua l  pene t ra tor  
m i s s  ion. 
Af te r  s t ag ing  from its e n t r y  housing, the  pene t ra tor  would descend 
on a  parachute s ized  s o  t h a t  i n  t he  t h innes t  atmosphere a n t i c i p a t e d ,  t h e  
impact v e l o c i t y  would be 150 m / s .  If a t  a  few meters above the sur face  
the v e l o c i t y  is  determined t o  be l e s s  than 150 m/s, due t o  a  denser atmo- 
sphere having been encountered, a  s o l i d  rocke t  motor is f i r e d  t o  make up 
the  AVrequi red .  The rocket: motor i s  envisioned as  a  modular u n i t  made 
up of about 7 small  c y l i n d r i c a l  s o l i d s  i n  a  c i r c u l a r  p a t t e r n  wi th  b u i l t -  
i n  a f t  fac ing  nozzles and 2 or  3 with  forward fac ing  nozzles f o r  separa- 
t ion .  Separa t ion  i s  requi red  t o  avoid blocking the  af terbody antenna 
deployment. This type of system i s  a l s o  appropr ia te  f o r  the deployment 
of decoys i n  weapons systems appl ica t ions .  The dec is ion  as  t o  whether 
t o  f i r e  one or  more u n i t s  i s  based on s to red  information of ve loc i ty-vs-  
number-of-units contained i n  a  small  memory. 
I n  the  case of a  lander  c a r r i e d  pene t r a to r ,  the  t rade-of f  i s  between 
use of a  d r i l l ,  which would probably be more e f f i c i e n t ,  and a powered 
pene t ra tor  which might a l ready  be developed and thus c o s t  l e s s .  The 
pene t r a t o r  t r ansmi t t e r  and antenna funct ions could be performed onboard 
the lander.  Another op t ion  f o r  a  lander mounted device i s  the d r i l l  
augmented pene t ra tor  discussed i n  a  s epa ra t e  paragraph(See Pg 111-88)- 
17.  On-Board Tra j e c t o r y  P r e d i c t i o n  
PURPOSE 
To p r o v i d e  on-board  t r a j e c t o r y  p r e d i t  t i o n  f o r  
a d a p t i v e  c o n t r o l  of  d e s c e n t  r a t e .  
APPLICATION 
For  u se  w i t h  l a n d e r s ,  a t m o s p h e r i c  p r o b e s ,  and 
p e n e t r a t o r s .  
CONCEPT DESCRIPTION 
A microcomputer  p r o v i d e s  e l e c t r o n i c  memories 
which c o n t a i n  programs f o r  p r e d i c t i n g  t h e  
H a t m o s p h e r i c  c h a r a c t e r i s t i c s ,  i n i t i a l l y  u s i n g  
H d e c e l e r a t i o n  d a t a  from a  3 - a x i s  a c c e l e r o m e t e r  
H 
I and  e s t i m a t e d  i n i t i a l  c o n d i t i o n s .  Us ing  t h e s e  
w 
03 r e a l  t i m e  a t m o s p h e r i c  p r e d i c t i o n s ,  a n  e s t i m a t e  
o f  t h e  t i m e  t o  dep loy  d r a g  d e v i c e s  c a n  t h e n  be  
made. A f t e r  t h e  e n t r y  h e a t  p u l s e ,  measurements  
o f  p r e s s u r e  and t e m p e r a t u r e  can  be made a l l o w i n g  
more e x a c t  a t m o s p h e r i c  s t r u c t u r e  p r e d i c t i o n s  
t o  be  made. 
ESTIMATED CHARACTERISTICS 
Based on r e c e n t  t echno logy  f o r e c a s t i n g  d a t a  t h e  
s i z e ,  w e i g h t  and  power of  t h i s  e l e c t r o n i c  
equipment  c a n  b e  made s m a l l  enough t o  be  
r e a d i l y  c o m p a t i b l e  w i t h  t h e  proposed  s p a c e c r a f t .  
E n t r y  
A c c e l e r o m e t e r  
Data  Used t o  
Determine  
T r a j e c t o r y  and  
E s t a b l i s h  S t a g i n g  
al 
-u 
=I 
U 
.d 
U 
,-I 
4 T h i c k  Atmosphere 
T h i n  Atmosphere 
M o l e c u l a r  Weight 
V e l o c i t y  
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On-Board Tra iec tory  P red ic t ion  
I n  o rde r  t o  e f f i c i e n t l y  design exploratory vehic les  which must e n t e r ,  
descend through a n  atmosphere, and i n  some cases  land, i t  is  d e s i r a b l e  t o  
know the atmospheric c h a r a c t e r i s t i c s  very accura te ly .  I f  l a rge  u n c e r t a i n t i e s  
e x i s t  i n  the  atmospheric model, t h e  veh ic l e  must incorporate  Large design 
margins i n  order  t o  accommodate t he  unce r t a in t i e s .  However, i t  may be 
possible ,  using advanced technology concepts t o  design a h ighly  adapt ive  
system which can eva lua te  t h e  environment and adapt  t he  vehic le  response 
t o  f i t  the  s i t u a t i o n .  The cu r ren t  T i t an  model has a very l a rge  unce r t a in ty  
i n  the  atmospheric dens i ty  a t  the sur face .  The dens i ty  v a r i e s  by a f a c t o r  
of 64 .  I n  the  very t h i n  model atmosphere, a high b a l l i s t i c  c o e f f i c i e n t  
vehic le  such as a penet ra tor ,  which has been slowed t o  a low v e l o c i t y  
while i n  i t s  en t ry  housing, w i l l  no t  reach terminal  ve loc i ty  a f t e r  s tag ing  
and the  penet ra t ion  depth w i l l  be very unpredictable .  
By the  use of on-board t r a j e c t o r y  predic t ion ,  the en t e r ing  penet ra tor  
or  probe can use measurements obtained during e n t r y  and later during 
descent  t o  cons tan t ly  es t imate  the atmospheric s t r u c t u r e  below the  probe 
a l t i t u d e .  Then by using the  estimated atmospheric c h a r a c t e r i s t i c s ,  the 
probe microprocessor computer can p red ic t  the descent  r a t e  time h i s t o r y  
and impact time. With t h i s  information the  probe can adapt  o r  modify i t s  
drag configuration by deploying or releasing drag devices .  In th i s  way 
the descent time h i s t o r y  can be modified t o  b e t t e r  accomplish the mission 
objec t ives  such a s  con t ro l l ed  impact ve loc i ty  o r  prescribed descent r a t e  
fo r  measurement a c q u i s i t i o n .  
For the t h i n  atmosphere model any e f f e c t i v e  changes i n  drag, such a s  
parachute deployment, may have t o  be done e a r l y  i n  the  en t ry  because of 
the s h o r t  time t o  impact. Therefore,  t he  on-board t r a j e c t o r y  predic t ion  
program must be a b l e  t o  make e a r l y  pred ic t ions  based on only dece l e ra t ion  
da t a  a t  i n i t i a l  entry.  By providing r e a l  time est imates ,  con t inua l ly  
updating them by continuous r eca l cu la t ion ,  and using Kalman f i l t e r i n g  
techniques t o  smooth the r e s u l t s ,  i t  should be possible  t o  f a i r l y  accu ra t e ly  
predic t  thedeployment time, i f  deployment i s  requi red .  I n i t i a l l y  the  
ca l cu la t ions  w i l l  use the measured dece l e ra t ion  and est imated values fo r  
the c r i t i c a l  unknowns such as en t ry  ve loc i ty ,  f l i g h t  path angle,  g rav i ty  
f i e l d ,  r ad ius ,  and molecular weight. The veh ic l e  drag, mass, and a rea  
would be accu ra t e ly  known. Af t e r  entry,  a d d i t i o n a l  data can be obtained 
from pressure,  temperature and even composition fo r  a f u r t h e r  refinement 
of the t r a j e c t o r y  predict ion.  
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18. S y n t h e n t i c  Aper tu re  S ide  Looking Radar Imager 
PURPOSE 
To p rov ide  h i g h  r e s o l u t i o n  images of t h e  s u r f a c e  
from o r b i t  independent of t h e  o p a c i t y  of  t h e  
atmosphere.  
APPLICATION 
Can be used f o r  mapping T i t a n  s u r f a c e  o r  o b t a i n -  
i n g  l o c a l  images of  proposed l and ing  s i t e  a s  p a r t  
of a n  a d a p t i v e  l and ing  c o n t r o l  scheme. 
CONCEPT DESCRIPTION 
A long,  l i n e a r  a r r a y  i s  syn thes ized  a n a l y t i c a l l y  
w t o  g e t  v e r y  h i g h  r e s o l u t i o n  by p r o c e s s i n g  t h e  
o u t p u t  d a t a  from one r e l a t i v e l y  s m a l l  antenna.  
r Mul t i f requency  r a d a r  i s  used t o  guaran tee  imaging 
0 
o of t h e  s u r f a c e  through an unknown atmosphere.  
ESTIMATED CHARACTERISTICS 
Weight: 5.0 Kg 4Excluding Antennas) 
S i z e  : 0.107 m (Excluding Antennas) 
Radar Power Required 9-155 Wat ts  
Telemetry  Power 400-500 Watts  
0 53 PERFORMANCE E %  
r 7 2 f i  Range 1000 km t o  100,000 km 2 (2 R e s o l u t i o n  1 .5  meters  
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Radar Imager 
Synthe t ic  Aperture Radar Imaging System 
The syn the t i c  aper ture  (SA) radar  is  an exce l l en t  method f o r  imaging 
a p lane tary  body with an  unknown atmosphere, s i n c e  the frequency o r  f r e -  
quencies can be se l ec t ed  t o  reduce the r i s k s  of not pene t ra t ing  t o  t h e  
surface.  Also, syn the t i c  aper ture  s i d e  looking radar  r e so lu t ion  does not 
have t o  be a funct ion of a l t i t u d e ,  s o  i t ' s  an  i d e a l  device t o  use i n  
e l l i p t i c a l  o r b i t s .  Very high r e so lu t ion ,  down t o  a meter, i s  obtain-  
able .  This kind of r e so lu t ion  is  not obtainable  wi th  s t a t e -o f - the -a r t  
o r b i t a l  TV systems and i s  almost equivalent  t o  t h e  r e so lu t ion  poss ib le  
with lander TV systems. 
The radar  imaging systems accumulate da t a  very f a s t  and c a p a b i l i t y  
i s  t he re fo re  necessary f o r  sending la rge  volumes of da ta  t o  Earth i n  
r e a l  time o r  f o r  buffer ing it u n t i l  i t  can be s e n t .  The syn the t i c  
ape r tu re  radar  i n  f a c t  generates  much more da ta  than a TV system unless  
i t s  output i s  processed onboard. 
For T i t an  appl ica t ions ,  it would thus  be des i r ab l e  f o r  complete image 
processing t o  be done onboard. However, t o  produce onboard-processed 
images t h a t  achieve the image recons t ruc t ion  q u a l i t y  compared with those 
done on the ground requires an advance i n  processing technology. 
Figure 111-50 shows the azimuth reso lu t ion  c a p a b i l i t y  obtainable  
with s i d e  looking radars  where t h e i r  outputs a r e  processed t o  ge t  
e i t h e r  r e a l  o r  syn the t i c  aper tures .  The azimuth r e so lu t ion  i s  the re -  
s o l u t i o n  obtainable  p a r a l l e l  t o  the  d i r e c t i o n  t h a t  the S / C  is moving-- 
p a r a l l e l  t o  the  S / C  ve loc i ty  vector .  The range r e so l tu ion  which i s  
perpendicular t o  the  v e l o c i t y  vec to r ,  
i s  a funct ion only of the t r ans -  
mit ted pu3.se width. looO [ / & a 1  Aperture 
U 
I n  the r e a l  aper ture  imple- w 
,100 
mentation, t he  radar  i s  operated l i k e  c 0 
.rl 
a conventional radar.  When operated u 
3 10 
rl 
l i k e  t h i s ,  the  image r e so lu t ion  is a o 
o? 
funct ion of range s imi l a r  t o  a TV 
system. The r e a l  aper ture  radar  r e -  1 10 100 
Range, nmi 
s o l u t i o n  i s  a l s o  a funct ion of t he  Fig. 111-50 Resolution PossCble 
azimuth dimension of the  antenna and with Side Looking Radar 
t h e  operat ing frequency of the  radar .  The s y n t h e t i c  ape r tu re  radar  
operated e i t h e r  i n  a  focused o r  unfocused mode d i f f e r s  from the  r e a l  
aper ture  radar  i n  the  processing t h a t  i s  done on the radar  output da t a ,  
and i n  t he  c o n s t r a i n t s  on the  s i z e  of the  antenna t h a t  can be used. 
The p r i n c i p l e  of the  syn the t i c  ape r tu re  radar  i s  based on the  
generat ion of an e f f e c t i v e  long antenna by s i g n a l  processing means 
r a t h e r  than the  a c t u a l  use of a  physical  long antenna. I n  f a c t ,  only 
a  s i n g l e  r e l a t i v e l y  smal l  antenna is  needed. The s y n t h e t i c  aper ture  
radar  uses the  microwave r e tu rns  from the antenna a t  d i f f e r e n t  pos i t ions  
along i t s  f l i g h t  path t o  a n a l y t i c a l l y  synthes ize  a  long l i n e a r  a r ray .  
I f  each element i n  t he  synthesized antenna i s  cor rec ted  f o r  phase 
then a  focused SA radar  i s  obtained. The r e so lu t ion  now is  only a  
funct ion of the  azimuth dimension of the  antenna and is  equal t o  one- 
h a l f  t h i s  dimension. I n  f a c t ,  t he  radar  can opera te  anywhere between 
the  focused and unfocused cases  a s  ind ica ted  by the  c ross  hatched areas  
of Fig. 111-50. The only d i f f e r ence  i n  the  implementation i s  t he  amount 
of processing t o  develop the  f i n a l  image. When the  SA i s  implemented 
t o  operate  i n  the  cross-hatched a r e a ,  it is  c a l l e d  a  p a r t i a l l y  focused 
syn the t i c  aper ture .  
To determine i t s  a p p l i c a b i l i t y  t o  T i t an  missions, two SA radar  
designs were examined. I n  case 1 the radar  i s  mounted on a  Saturn 
o r b i t e r  t h a t  i s  i n  an o r b i t  inc l ined  t o  T i t an ' s  such t h a t  i t s  period 
i s  approximately equal t o  T i t a n ' s  and i t s  path s t ays  w i th in  100,000 km 
of Ti tan(See Page 111-23). Case 2 involves a  T i t an  o r l i i t e r  i n  a  c i r c u l a r  
o r b i t  wi th  an a l t i t u d e  of 1000. km. Designs a r e  based on data  from the  
Venus Orb i t a l  Imaging Radar (VOIR) study, Ref. 111-5. The r e s u l t i n g  
systems a r e  summarized i n  Table 111-6. 
Based on these  designs i t  appears t h a t  SA radar  imaging of T i t an  
would be best  accomplished from a Saturn o r b l t e r  which has the  s i z e  
( 300 kg) cons i s t en t  with the  l a rge  radar  antenna and telemetry antennas 
and t h e  power c a p a b i l i t y  needed (for  te lemetry) .  
Also, f u r t h e r  technology development i n  onboard image processing i s  
needed co keep d a t a  r e t u r n  r a t e s  t o  t he  l eve l s  cons i s t en t  with te lemetry 
c a p a b i l i t y  (or  te lemetry c a p a b i l i t y  has  t o  be improved). 
Table 111-6 SA Radar Systems f o r  T i t a n  
I tern 
S a t u r n  O r b i t e r  T i t a n  O r b i t e r  
(Case 1) . (Case 2) 
Ve loc i ty  R e l a t i v e  t o  T i t a n ' s  11 1640 
Sur face  (m/s) 
Range (Km) 100,000 1000 
Reso lu t ion  (Meters) 1 5  2.25 (1 1 
Antenna S i z e  (Meters) 3 x 4.1 
(Truncated) 
Peak Output Power 3.2 KW 
Average Output Power (W) 31.0 
I n p u t  Power (W) 155 
Addi t iona l  Power f o r  Process ing  
e t c . ,  (W) 100 
Frequency S-Band, 3 GHZ 
Swath Width (Km) 5000 (4) 
Data Rate  t o  E a r t h  (2) (Megabits) 3.0 
Power Required f o r  'Telemetry (3) (Watts) 426 
4.5 x 4.1 
(Trunca t ed  ) 
0.9 Watts 
S-Band, 3 GHZ 
(1) I n  f u l l y  focused mode 
(2) Complete on-board d a t a  p rocess ing  assumed 
(3) Based on d a t a  t r ansmiss ion  t o  mapping t ime r a t i o  o f  
1 t o  10,  and a 3 meter d i s h  antenna f o r  t e l e m e t r y  (power can 
be reduced by decreas ing  r e s a l u t i o n )  . 
( 4 )  To f u l l y  i l l u m i n a t e  T i t a n  Sur face .  
19. Adaptive Thermal Control  Concepts f o r  T i t a n  Landers 
PURPOSE 
Afford a l i g h t e r  weight  means f o r  tempera- 
t u r e  c o n t r o l  of a T i t a n  Lander than c u r r e n t  
technology permits  
APPLICATION 
T i t a n  or  Other Outer  P l a n e t a r y  Body 
Landers 
CONCEPT DESCRIPTION 
Various t echn iques ,  s e e  ske tch ,  a r e  proposed 
H 
H for  c o n t r o l l i n g  t h e  h e a t  f low from t h e  
u Lander equipment compartment t o  t h e  environ-  
I 
t-J 
0 ment,and between t h e  RTG waste  h e a t  source  
c and t h e  equipment compartment. 
. :_. . 
. .  . 
A Canopy w i t h  
Heat P ipes  1 and V a r i a b l e  Removable D i r e c t i o n  
I n s u l a t i o n  Ref l e c t o r  
Window 
- 
: . 
49" I I 
. % .  
Varying I n s u l a t i o n  . ,  . . . . 
Thickness Snap Act idn  
Thermal Switch 
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Adaptive Thermal Control Concepts 
The major thermal con t ro l  problem f o r  a T i t an  lander  i s  balancing the 
waste hea t  from the RTG and the hea t  generated by on-board equipment opera- 
t i on  with h e a t  l o s t  thm ugh in su la t ion ,  science instrument pene t ra t ions ,  
and s t ruc tu re .  The problem i s  complicated by the  markedly d i f f e r e n t  
boundary condit ions during c r u i s e ,  when the lander  is in s ide  the a e r o s h e l l  
a t tached  t o  the de l ivery  spacec ra f t ,  and a f t e r  landing, when the exposed 
lander is  subjected t o  s i g n i f i c a n t  convective and conductive h e a t  l o s ses .  
Current technology (Viking 75) u t i l i z e s  a b ime ta l l i c - s t r i p  operated thermal 
switch t h a t  cont ro ls  a conduction path between the  ex t e rna l ly  mounted 
R E s  and the  insu la ted  lander  equipment compartment. The thermal switch 
hardware i s  heavy s ince  considerable  force  is required t o  maintain good 
thermal coupling. Consequently, improved ways of managing the h e a t  
balance should be sought f o r  t h e  very we igh t - c r i t i ca l  T i tan  and outer  
p l a n e t ' s  missions. Several  such ideas a r e  depicted i n  Figure IIT-51 
Two of these  a r e  aimed a t  con t ro l l i ng  the hea t  l o s t  from the  compartment 
a s  an  a l t e r n a t i v e  t o  con t ro l l i ng  the RTG hea t  with a thermal switch. A 
system of s l i d i n g  o r  hinging in su la t ion  plugs o r  windows, o r  one which 
compresses s ec t ions  of i n su la t ion  t o  var iab le  w a l l  thicknesses might requi re  
l e s s  w i g h t  than the  switch. Also, s ince  f o r  Ti tan  only a low temperature 
environment must be d e a l t  wi th  (as opposed t o  Mars with i t s  l a rge  n igh t  
and day temperature v a r i a t i o n ) ,  the  switch might need t o  be operated only 
once. Therefore a l i g h t  weight,  snap-action switch might be adequate 
i n  combination with one of the  in su la t ion  con t ro l  schemes. 
F ina l ly ,  an adapta t ion  of the thermal canopy concept proposed f o r  
pro tec t ing  the ascent  vehic le  i n  Mars Sample Return Mission, Ref. 111-6, 
might be appropr ia te .  This device has h e a t  pipes connected t o  the RTG 
and IR r e f l e c t o r s  t h a t  e i t h e r  r e f l e c t  hea t  t o  t he  insu la ted  canopy w a l l s  
or  t o  a non-insulated "window" i n  the wall  which al lows it t o  be r e j ec t ed  
to  the  atmosphere. 
20.  Advanced O p t i c a l  Guidance Sensor 
PURPOSE 
To enab le  t h e  o p t i c a l  n a v i g a t i o n  techniques  
r e q u i r e d  i n  performing T i t a n  encounter  maneuvers. 
APPLICATION 
Determinat ion of T i t a n ' s  p o s i t i o n  from t h e  
approach t r a j e c t o r y  a t  a range from T i t a n  
compat ible  w i t h  performing Probe/Lander 
d e f l e c t i o n  maneuvering and /or  T i t a n  swingby 
maneuvers. 
DESCRIPTION 
H 
H 
H Modified CCD camera w i t h  i n c r e a s e d  dynamic 
I 
P range t o  p i c k  up f a i n t  s t a r  f i e l d  when T i t a n  
0 
Q\ a p p e a r s  as a  ve ry  b r i g h t  o b j e c t .  
PERFORMANCE 
Dynamic Range = 10 o r d e r s  of Magnitude 
L i f e  t ime = 5-7 y e a r s  
F i g .  111-52 Advanced O p t i c a l  Guidance Sensor  
S t a r  F i e l d  
Advanced Opt ica l  Guidance Sensor 
The requirement f o r  o p t i c a l  naviga t ion  a r i s e s  from the l a r g e  (500-5000 km) 
uncer ta in ty  i n  the pos i t i on  of  Ti tan.  The l i m i t i n g  accuracy with r a d i o  navi-  
ga t ion  is  the  ephemeris uncertainty.  Clear ly  it is  n o t  poss ib le  t o  impact 
the su r f ace  of T i t an  f o r  these  l a r g e  l e v e l s  of ephemeris unce r t a in t i e s ,  
Two in t e rp l ane ta ry  missions have been flown (MI71 and MVM) which incorpo- 
r a t e  o p t i c a l  navigat ion.  The s p e c i f i c a t i o n s  of t he  e x i s t i n g  o p t i c a l  systems 
have been compared a g a i n s t  t h e  requirements des i red  a t  Titan. The conclusion 
i s  t h a t  today's technology is  n o t  adequate f o r  the  'Titan missions. 
T i t an  i s  a b r i g h t  ob jec t  a t  the  d is tances  approximating reasonable def lec-  
t i on  r a d i i  (10M km) and t o  d e t e c t  s t a r s  of magnitude s i x  ( 6 )  o r  g r e a t e r  
requi res  a dynamic range, f o r  the sensor ,  of 10  orders  of magnitude. The 
conventional vidicons cannot accommodate t h i s  range. Sensor l i f e t i m e  is 
a l s o  a problem a rea .  Missions t o  T i t an  have f l i g h t  times from 5 t o  7 years ,  
There is a degradation i n  t he  high vol tage f i lament  performance with time 
t h a t  decreases  instrument s e n s i t i v i t y .  
The CCD camera is a new technology development t h a t  can a l l e v i a t e  many 
of the  problems assoc ia ted  wi th  conventional vidicon technology. A comparison 
of the MJS vidicon wi th  a pro jec ted  CCD equiva len t  i s  shown i n  Table 111-7. 
I n  a l l  a r e a s  except dynamic range, the CCD camera is expected t o  meet or 
exceed the requirements of  a T i t an  mission. The sub jec t  of dynamic range 
can be worked e i t h e r  with e l e c t r o n i c  f i l t e r i n g ,  two cameras s e t  a t  d i f f e r e n t  
exposure l e v e l s  o r  adapt ive  data  processing. 
TABLE 111-7 Comparison of MJS Narrow Angle Camera wi th  CCD Equivalent 
MJS CAMERA 
Weight 22.3 kg( 49 l b s )  
Power 29 Watts 
Volume 61250 cm3 (3738 in3)  
Detection S e n s i t i v i t y  MV = 9 
P ic tu re  Grid 800 x 800 p i x e l s  
Resolving Capabi l i ty  1-2 p ixe l s  
Long L i f e  C h a r a c t e r i s t i c s  Vidicon High Voltage degrades wi th  time 
Dynamic Range < lo3 
CCD Equivalent 
Weight 9.1 kg(20 l b s )  
Power 5 Watts 
Volume 21000 cm3 (1281 in3) 
Detection S e n s i t i v i t y  Be t t e r  than  Vidicon 
P ic tu re  Grid 200 x 200 element 
Resolving Capabi l i ty  .1 element 
Long L i f e  C h a r a c t e r i s t i c s  No High Voltage Degradation Consis tent  
0 t i c a l  Response 
Dynamic Range 10 8 
D . EVALUATION AND RECOMMENDATIONS 
Any of t h e  t h r e e  new types  of miss ion modes f o r  T i t a n  e x p l o r a t i o n  i d e n t i -  
f i e d  i n  t h i s  chap te r  could  be employed i n  a f i r s t  miss ion .  I f  t h e  enthusiasm 
among p l a n e t a r y  s c i e n t i s t s  f o r  i n v e s t i g a t i n g  t h e  o rgan ic  chemis t ry  a t  T i t a n  
i s  s u s t a i n e d  o r  i n c r e a s e s ,  then t h e  TOPL miss ion  mode should be given h i g h  
p r i o r i t y  f o r  a n  e a r l y  f l i g h t .  TOPL a l l o w s  t h e  w i d e s t  range of s c i e n c e  
experiments t o  be  c a r r i e d  o u t  from o r b i t ,  i n  t h e  atmosphere and on t h e  
s u r f a c e  wi th  o n l y  a modest commitment i n  terms of s p a c e c r a f t  c o s t  and complexity.  
I f  p l a n e t a r y  s c i e n t i s t s  a r e  w i l l i n g  t o  d e l a y  t h e  performance of t h e  more 
s o p h i s t i c a t e d  s u r f a c e  s c i e n c e  exper iments ,  then t h e  Penetrobe concept may 
be  t h e  p r e f e r r e d  cho ice  f o r  t h e  f i rs t  miss ion .  The Penetrobe can a d a p t  t o  
a wide spread  i n  a tmospher ic  d e n s i t y  whi le  conduct ing atmospheric and 
rudimentary s u r f a c e  s c i e n c e .  
An advanced remote sens ing  o r b i t e r  would be t h e  most conserva t ive  
f i r s t  miss ion  t o  T i t a n  b u t  depending on t h e  s o p h i s t i c a t i o n  of t h e  sensor  
system, could meet many of t h e  h i g h  p r i o r i t y  s c i e n c e  o b j e c t i v e s .  
It i s  recommended t h a t  a l l  t h r e e  miss ion  modes be s t u d i e d  i n  more d e t a i l .  
Implementation of t h e s e  new miss ion  modes which provide more e f f e c t i v e  
and t imely  means of l e a r n i n g  a b o u t  T i t a n ,  w i l l  r e q u i r e  only  s l i g h t l y  g r e a t e r  
launch v e h i c l e  performance than convent ional  l a n d e r ,  probe o r  p e n e t r a t o r  
systems t h a t  a r e  d e l i v e r e d  t o  T i t a n  b e f o r e  t h e  c r u i s e  v e h i c l e  goes i n t o  
o r b i t  ( s e e  Fig .  111-53). However, w i t h  e i t h e r  t h e  conven t iona l  o r  advanced 
systems, a  l i g h t e r - w e i g h t  3-axis  v e r s i o n  of the  c r u i s e  v e h i c l e  (Saturn 
o r b i t e r )  i s  seen t o  be needed t o  enable  miss ions  t o  be flown wi th  t h e  S h u t t l e  
launch v e h i c l e  a t  any t ime dur ing  t h e  1980 's  and 1 9 9 0 ' s .  Use of space s t o r a b l e  
p r o p e l l a n t s  f o r  o r b i t  i n s e r t i o n  maneuvers would reduce t h e  r e q u i r e d  i n j e c t e d  
weight f o r  t h e  Mariner c l a s s  miss ions  by a b o u t  200 Kg from t h e  v a l u e s  shown 
i n  F i g .  111-53. An a d d i t i o n a l  r e d u c t i o n  i n  t h e  dry weight of t h e  Mariner 
v e h i c l e  o f  abou t  200-400 kg would s t i l l  be r e q u i r e d  t o  keep the  i n j e c t e d  weights  
w i t h i n  che performance l i m i t s  o f  t h e  Shut t le-Tug.  

A l t e r n a t i v e l y ,  i f  a l l  o f  t h e  p r o j e c t e d  advances i n  m a t e r i a l s  and sub- 
system technolog ies  f o r e c a s t  i n  t h e  o u t l o o k  f o r  Space Study, Ref. 111-7 
a r e  f u l l y  r e a l i z e d  i t  i s  p o s s i b l e  t h a t  T i t a n  v e h i c l e  weights  could be 
reduced s u f f i c i e n t l y  t o  a l l o w  use of c u r r e n t u r i n e r  c l a s s  s p a c e c r a f t  f o r  
T i t a n  miss ions .  Another p o s s i b i l i t y  i s  i n c r e a s i n g  launch v e h i c l e  c a p a b i l i t y ,  
e.g. ,  development o f  t h e  "Heavy L i f t  System'' (Ref. 111-7). 
Tradeof f s  between t h e s e  e lements ,  i . e . ,  s p i n - s t a b i l i z e d  s p a c e c r a f t  
ve r sus  new development 3 - a x i s  s p a c e c r a f t  v e r s u s  i n c r e a s e d  c a p a c i t y  launch 
v e h i c l e  systems v e r s u s  l i g h t e r - w e i g h t  T i t a n  v e h i c l e s  r e q u i r e s  development 
c o s t  d a t a  and performance i n £  ormation n o t  c u r r e n t l y  a v a i l a b l e .  The s p e c i a l i z e d  
techniques  i d e n t i f i e d  w i l l  r e q u i r e  v a r i o u s  amounts o f  time and development 
funding t o  make them a v a i l a b l e  f o r  a p p l i c a t i o n  t o  T i t a n  miss ions .  C e r t a i n  
i t ems ,  such a s  t h e  l a s e r  s t i m u l a t e d  remote m a t e r i a l  composit ion dev ice ,  
need long l e a d  t imes f o r  development s i n c e  they  w i l l  involve much b a s i c  
exper imental  work and a l s o  r e q u i r e  t h e  s u p p o r t i n g  development of a l a r g e  
but  l i g h t  weight power source .  Others  invo lve  r e l a t i v e l y  s t r a i g h t f o r w a r d  
e x t r a p o l a t i o n  of p rev ious ly  used t echn iques  and a r e  t h u s  f a i r l y  p r e d i c t a b l e .  
A l o g i c a l  n e x t  s t e p  would t h e n  be t o  t ake  t h e  new approaches and t echn iques  
i d e n t i f i e d  i n  t h i s  c h a p t e r ,  a l o n g  wi th  t he  conven t iona l  approaches de f ined  
i n  t h e  t r i a l  miss ion  e x e r c i s e s ,  and e s t a b l i s h  s e v e r a l  s p e c i f i c  T i t a n  miss ion  
op t ions .  The technology development span t imes and c o s t s  could be thus  
a s c e r t a i n e d  and compared t o  s c i e n c e  va lue  ob ta ined  from t h e  given miss ion .  
I n  p a r a l l e l  w i t h  such a  s t u d y  it would a l s o  appear  a p p r o p r i a t e  t o  i n i t i a t e  
development o f  some of t h e  technology a r e a s  i d e n t i f i e d  i n  view of  t h e i r  
e i t h e r  being e s s e n t i a l  t o  any of t h e  p o s s i b l e  miss ion  modes, o r  having 
broad enough a p p l i c a t i o n  t o  war ran t  pursuing a t  t h i s  t ime.  Items f a l l i n g  
i n  t h i s  ca tegory  would i n c l u d e  development of improved o p t i c a l  guidance 
techniques ,  a d a p t i v e  c o n t r o l  sys tems,  remote sens ing  ins t ruments ,  and l a n d i n g  
t echn iques ,  i n c l u d i n g  s i t e  s e l e c t i o n  and hazard  avoidance dev ices .  
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APPENDIX A 
MISS ION ANALYSIS FOR TITAN EXPLORATION 
This appendix summarizes the  a n a l y t i c a l  r e s u l t s  of the  performance 
and navigat ion analyses done i n  support of t he  launch, encounter,  o r b i t ,  
and en t ry  phases of T i t an  explora t ion  missions. Because no T i t a n  mission 
s tud ie s  had been conducted previously,  it was necessary t o  perform these 
bas i c  analyses t o  i d e n t i f y  where performance and navigat ion problems 
e x i s t .  The ex is tence  of such problems then po in t  the  way t o  app l i ca t ions  
of new technology. 
To give perspect ive t o  t he  sub jec t s  discussed i n  the  following 
sec t ions ,  i t  i s  u se fu l  t o  examine the  general  p r o f i l e s  of t y p i c a l  
o r b i t e r ,  probe, pene t ra tor  and lander  missions t o  Titan. Figure A - 1  
diagrams the bas i c  sequence. The missions begin wi th  a  launch from the  
Eastern Test  Range (ETR). The Shuttle/Tug combination is the  prime launch 
vehic le  under cons idera t ion ,  with the ShuttLe/IUS combination considered 
f o r  Launches i n  t he  1980 t o  1985 time in t e rva l .  Spacecraf t  bus configura- 
t i o n s  considered included app l i ca t ions  of the  Pioneer and Mariner c l a s s  
designs. The b a s i c  Pioneer spacec ra f t  bus i s  spin-s  t a b i l i z e d  and weighs 
300 kg. The Mariner-type veh ic l e  is three-axis  s t a b i l i z e d  and weighs 
approximately 700 kg. 
The s p a c e c r a f t / t u g / ~ h u t t l e  combination is i n i t i a l l y  launched i n t o  a 
150 naut ical-mile  c i r c u l a r  parking o r b i t .  This combination may o r b i t  
e a r t h  up t o  f i v e  revolu t ions  while spacec ra f t / t ug  checkout proceeds. 
The s h u t t l e  bay i s  opened and the  tug /spacecraf t  combination e jec ted .  
After  a  s h o r t  coas t  per iod,  during which checkout and a t t i t u d e  maneuvers 
a r e  performed the spacecraf t  is in j ec t ed  onto the in t e rp l ane ta ry  t r a -  
jectory. 
After  the  in t e rp l ane ta ry  c r u i s e ,  which may l a s t  as  long a s  e igh t  
years ,  the spacecraf t  approaches Saturn. Tracking is i n i t i a t e d  f o r  the 
f i n a l  midcourse maneuver, Due t o  the  l a rge  ephemeris uncer ta in ty  of 
Ti tan ,  o p t i c a l  t racking  i s  used i n  conjunction with conventional Earth 
based r a d i o  tracking. The f i n a l  midcourse maneuver r e f i n e s  the spacec ra f t  

t r a j e c t o r y  t o  the  des i red  encounter condit ions with Ti tan.  
The d e f l e c t i o n  maneuver separa tes  the probe, pene t ra tor  or  lander 
from the  spacecraf t  bus and places i t  on the des i red  T i t an  en t ry  
t r a j ec to ry .  Because most of the  mission options considered i n  t h i s  
study were performance l imi ted ,  de f l ec t ion  of  the probe, pene t ra tor  o r  
lander was usua l ly  accomplished on the i n i t i a l  encounter with T i t an  and 
before the Spacecraf t  bus is in se r t ed  i n t o  Saturn o r b i t .  
A t  t h i s  po in t  the mission scenario becomes a  s t rong  funct ion of 
the mission type. 
For the probe mission, engineering data  on the s t a t u s  of the  probe 
and instruments a r e  t ransmi t ted  back t o  the  bus. The probe then en te r s  
  it an's atmosphere, and t ransmission is  terminated a t  the i n i t i a t i o n  o f  
blackout.  The probe s i g n a l  i s  reacquired and atmosphere measurements 
a r e  taken and t ransmit ted t o  the spacecraf t  f o r  r e l a y  back t o  ear th .  
Data transmiss ion l a s t s  nominally f o r  42 minutes and ends when the probe 
makes contac t  with the sur face  of Titan. 
I n  the case of t he  sur face  penet ra tor ,  a f t e r  i t  i s  deployed from 
the spacecraf t  there  i s  no fu r the r  communication u n t i l  contac t  i s  made 
wi th  the surface,  of Ti tan.  The spacecraf t  bus i s  targeted t o  be d i r e c t l y  
overhead a t  impact and rece ives  the  s i g n a l  t ransmit ted from the penet ra tor .  
Typical pene t ra tor  l i f e t i m e  and spacecraf t  viewing geometry cons t r a in t s  
ind ica te  t h a t  da ta  can be t ransmi t ted  up t o  one hour a f t e r  impact. 
The lander mission combines the communications requirements of both 
the probe and penet ra tor  missions. Engineering data  is t ransmit ted 
p r io r  t o  entry.  Atmospheric data  is  t ransmit ted during entry.  Surface 
data  is t ransmit ted a f t e r  touchdown. The l i f e  de tec t ion  experiment a s  
c u r r e n t l y  understood r equ i r e s  an incubat ion period of a t  l e a s t  16 days. 
Therefore mul t ip le  passes of the spacecraf t  over the lander  a r e  required. 
I n i t i a l  communication with the lander is  sustained fo r  60 minutes, 
Approximately f o r t y  hours l a t e r  the spacec ra f t  bus i s  i n se r t ed  i n t o  a  
loose capture o r b i t  about Saturn. Reencounter wi th  T i t an  may not occur 
f o r  another  128 days. During t h i s  and subsequent  passes  l a n d e r  d a t a  is 
t r a n s m i t t e d  t o  t h e  s p a c e c r a f t  f o r  r e l a y  t o  e a r t h .  
The fo l lowing  s e c t i o n s  d i s c u s s  t h e  d e t a i l e d  performance and naviga- 
t i o n  requ i rements ,  c o n s t r a i n t s  and o p t i o n s  f o r  t h e s e  b a s i c  T i t a n  miss ion  
phases:  1 )  E a r t h  t o  S a t u r n  t r a j e c t o r i e s ;  2) d e f l e c t i o n  maneuvers; 3)  
T i t a n  e n t r y ;  and, 4) S a t u r n  o r b i t  s t r a t e g i e s .  
A.  EARTH TO SATURN TRAJECTORY OPTIONS 
Severa l  t r a j e c t o r y  types  a r e  a v a i l a b l e  f o r  d e l i v e r y  of a  S a t u r n  
o r b i t e r ,  probe,  p e n e t r a t o r  o r  l ander  t o  exp lore  T i t a n .  The d i r e c t  
b a l l i s t i c  t r a n s f e r ,  J u p i t e r  swingby and t h e  &GA a r e  t h r e e  t r a j e c t o r y  
techniques  i n v e s t i g a t e d  dur ing  t h e  s tudy.  The fo l lowing  t h r e e  s e c t i o n s  
d e s c r i b e  each technique,  d e l i n e a t e  t h e i r  advantages and d i sadvan tages ,  
and p r e s e n t  t y p i c a l  performance d a t a  f o r  each d u r i n g  t h e  1983-1999 per iod  
of i n t e r e s t .  
1. Direct B a l l i s t i c  Trajec tor ies  t o  S a t u r n  - E a r t h  t o  S a t u r n  
b a l l i s t i c  t r a j e c t o r i e s  can be c h a r a c t e r i z e d  by a  p o i n t  t o  p o i n t  conic .  
F i x i n g  t h e  launch and a r r i v a l  d a t e s  e s s e n t i a l l y  determines  t h e  Ear th -  
S a t u r n  t r a n s f e r .  By Lambert 's theorem, t h o s e  two v e c t o r s  and t h e  t ime 
i n t e r v a l  r e q u i r e d  t o  t r a v e r s e  them determine t h e  h e l i o c e n t r i c  con ic  t h a t  
c l o s e l y  approximates t h e  a c t u a l  f l i g h t  p a t h  of t h e  mission.  
B a l l i s t i c  o p p o r t u n i t i e s  t o  S a t u r n  occur every  13 months and a r e  
c h a r a c t e r i z e d  by f l i g h t  t imes r a n g i n g  from 4 t o  9 years .  Minimum energy 
t r a n s f e r s  correspond t o  a node-to-node Hohman t r a n s f e r  and  occur a t  
approximately  twice S a t u r n ' s  o r b i t a l  p e r i o d  of 30 y e a r s .  The launch 
y e a r s  o f  1983 and 1998 a r e  t h e  minimum energy Ear th-Saturn t r a n s f e r s  
t h a t  occur w i t h i n  t h e  pe r iod  of i n t e r e s t  f o r  t h i s  s tudy.  The D i r e c t  
Mode c o n s i s t s  of a  s i n g l e  maneuver f o r  Ear th  d e p a r t u r e  and a  s i n g l e  r e t r o  
maneuver t o  brake a t  S a t u r n  f o r  o r b i t a l  c a p t u r e .  The Ear th  d e p a r t u r e &  
i s  t h e  Lambert s o l u t i o n  f o r  t h e  p r e s c r i b e d  f l i g h t  time. Launch/encounter 
windows were f i r s t  e s t a b l i s h e d  by opt imfzing w e i g h t - i n - o r b i t  f o r  a  15 
day launch per iod  w i t h  t h e  ~ h u t t l e / 4  S tage  IUS launch v e h i c l e .  Once t h i s  
was accomplished t h e  dependence of we igh t - in -orb i t  on launch v e h i c l e  was 
determined. Three S h u t t l e  Tug cand ida tes  and one I n t e r i m  Upper S tage  
(IUS) cand ida te  were s t u d i e d .  The S h u t t l e 1 2  s t a g e  IUS was n o t  considered 
because o f  i t s  poor high energy payload c h a r a c t e r i s t i c s .  The throw 
weight v e r s u s  C3 curves  f o r  t h e s e  v e h i c l e s  w i t h  3 -ax i s  and s p i n - s t a b i l i z e d  
payloads were fu rn i shed  by ARC(Ref. A-1). Because of t h e  s i m i l a r i t y  i n  
performance curves  f o r  t h e  payload types  (varying by a t  most SO Kg o u t  
of a t  l e a s t  s e v e r a l  hundred) on ly  t h e  3 -ax i s  s e t  was analyzed.  When t h e  
o r b i t e r  work was complete t h e  windows were r e d e f i n e d  f o r  a f l y b y  miss ion.  
I n  t h i s  c a s e  t h e  i n j e c t e d  weight  was maximized over  a 15-day launch 
per iod.  For each of the  launch y e a r s  cons idered  between 1983 and 2000 
a d d i t i o n a l  miss ion parameters  and c o n s t r a i n t s  were a l s o  ou tpu t  f o r  use 
i n  l a t e r  s t u d i e s .  
a .  Launch/Encounter Windows f o r  S i n g l e  Launch Miss ions  i n  
1983 - 2000 
Every o t h e r  y e a r  from 1984 t o  2000 a long w i t h  t h e  y e a r s  1983, 
1985 and 1997 were scanned i n  5-day launch i n t e r v a l s  and 30 day a r r i v a l  
i n t e r v a l s  t o  f i n d  t h e  l a r g e s t  minimum o r b i t e d  payload f o r  a 15-day 
S h u t t l e / 4  Stage IUS launch per iod .  The s p a c e c r a f t  bus i s  assumed 
i n s e r t e d  i n  a 32 day S a t u r n  o r b i t  (2 : l  commensurability w i t h  T i t a n )  
w i t h  p e r i a p s i s  r a d i u s  equa l  t o  5 S a t u r n  radii>k.  The r e s u l t a n t  launch/  
encounter windows a long w i t h  t h e  minimum and maximum i n j e c t e d  weigh t ,  
w e i g h t - i n - o r b i t ,  C3, VHP, o r b i t a l  i n s e r t i o n d v ,  f l i g h t  time and d e c l i n a -  
t i o n  of launch asympote (DLA) a r e  shown i n  Tables  A - 1  and A-2. Note 
t h a t  da ta  is  p resen ted  f o r  t r a j e c t o r y  types  I ( t r a n s f e r < l 8 0 )  and IT. 
( t r a n s f e r s  >180).  The l a r g e s t  minimum i n s e r t e d  weight  i s  achieved w i t h  
a Type I1 t r a n s f e r  i n  1983 (516 kg). This is  p r i m a r i l y  due t o  t h e  
r e l a t i v e l y  l a r g e  throw weight  (895 Kg). The y e a r s  1984, 1985 and 1986 
a r e  a l s o  good y e a r s  w i t h  on ly  s l i g h t l y  l e s s  o r b i t e d  payload c a p a b i l i t y .  
The s i t u a t i o n  worsens through much of  the  remaining c e n t u r y  u n t i l  t h e  
year  1997. Here a Type 1 t r a n s t e r  y i e l d s  a 15-day Launch window w i t h  a 
- ---- - -- -- 
*Impulsive SO1 burn,  ISp = 280 sec .  
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TABLE A - 1  - PERFORMANCE DATA FOR 15-DAY LAUNCH PERIOD 
FOR SHUTTLE/ 4 STAGE IUS LAUNCH VEHICLE 
LAUNCH 
YEAR 
LAUNCH 
DATES 
ENCOUNTER 
DATE 
INJECTED WEIGHT 
WEIGHT (KG). IN ORBIT (KG) 
VHP 
(Km/Sec) 
1983 
TYPE I 
1983 
TYPE II 
1060 612 (Max) 
8 95 516 (Min) 
1984 
TYPE I 
988. 577 (Max) 
730.  425 (Min) 
1984 
TYPE I1 
988. 582 (Max) 
700.  4 1 1  (Min) 
1985 
TYPE I 
1055. 594 (Max) 
915. 514 (Min) 
1985 
TYPE 11 
915. 536 (Max) 
620.  362 (Min) 
1006.  554 (Max) 
845 .  464  (Min) 
1986 
TYPE I 
755 .  437 (Max) 
565.  326 (Min) 
1986 
TYPE I1 
1988 
TYPE I 
845. 449  (Max) 
685 .  364 (Min) 
1988 
TYPE II 
1990 
TYPE I 
1990 
TYPE I1 
1 9 9 2  
TYPE I 
1992 
TYPE II 
1994 
TYPE I 
1994 
TYPE I1 
1996 
TYPE I 
319 (Max) 
249 (Min) 
362 (Max) 
295 (Min) 
300 (Max) 
245 (Min) 
313 (Max) 
254 (Min) 
344 (Max) 
298 (Min) 
300 (Max) 
242 (Min) 
392 (Max) 
361 (Min) 
340 (Max) 
267 (Min) 
-- -- 
-*- 
^For Launch Period 
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TABLE A - 1  - PERFORMANCE DATA FOR 15-DAY LAUNCH PERIOD (Continued) 
LAUNCH LAUNCH ENCOUNTER INJECTED 
YEAX DATES DATE WEIGHT (KG) 
1996 06/21/96 08/25/04 988. 
TYPE 11 07/06/96 895. 
1997 06/18/97 04/29/02 685. 
TYPE 1 07/03/97 575. 
1997 06/28/97 12/14/04 1006. 
TYPE 11 07/13/97 915. 
1998 06/25/98 09/27/02 805. 
TYPE I 07/10/98 685. 
1998 06/30/98 01/14/05 1024. 
TYPE 11 07/15/98 860. 
2000 07/19/2000 02/17/05 1006. 
TYPE I 08/03/2000 895. 
2000 07/19/2000 10/10/2006 790. 
TYPE 11 08/03/2000 620. 
WEIGHT 
IN ORBIT (KG) 
483 (Max) 
436 @in) 
366 (Max) 
306 (Min) 
515 (Max) 
467 (Min) 
396 (Max) 
336 (Mia) 
552 (Max) 
463 (Min) 
530 (Max) 
470 (Min) 
435 (Max) 
33.9 (Min) 
TABLE A-2 ORBIT INSERTION PERFORMANCE DATA AND D U  CONSTAINTS 
ORBIT INSERTION DV (Km/S) n I G R T  TIME 
5Rs x 32d 3.5Rs x 112d (m) LAUNCH DLA (DEGS) 
1983 
TYPE I 
1983 
TYPE I1 
1984 
TYPE I 
1984 
TYPE I1 
1985 
TYPE I 
1985 
TYPE I1 
1986 
TYPE I 
1986  
TYPE I1 
1988 
TYPE I 
1988 
TYPE 11 
1990 
TYPE I 
1990 
TYPE I1 
1992 
TYPE I 
1992 
TYPE I1 
1994 
TYPE I 
1994 
TYPE I1 
TABLE A-2  (Continued) 
ORBIT INSERTION DV (km/s) FLIGHT TIME 
5% x 32d 3.5Rs x 112d (m) DLA (DEGS) LAUNCH 
1996 
TYPE I 
1996 
TYPE I1 
1997 
TYPE I 
1997 
TYPE I1 
1998 
TYPE I 
1998 
TYPE I1 
2000 
TYPE I 
2000 
TYPE I1 
* These y e a r / t y p e s  v i o l a t e  t h e  DLA c o n s t r a i n t  of I D L A I ~ . ~ ~ ~ .  
minimum i n s e r t e d  weight  o f  306 Kg, The geometr ic  n a t u r e  o f  t h e  payload 
dependence on launch year  w i l l  be  exp la ined  l a t e r .  Note from TABLE A-2 
t h a t  t h e A V  v a l u e s  f o r  i n s e r t i o n  i n t o  t h e  32 day o r b i t  a r e  r a t h e r  l a r g e  
and v a r y  between 1.451 Km/s and 2.327 Km/s. For  comparison purposes 
t h e  A V  v a l u e s  f o r  i n s e r t i o n  i n t o  a  loose  3.5 Rs x  112 day o r b i t  a r e  
d i sp layed  i n  t h e  column b e s i d e  t h e  5.0 Rs x 32 day r e s u l t s ,  t h e y  range 
from ,921 h / s e c  t o  1.669 km/sec. I f  launch d e c l i n a t i o n  is c o n s t r a i n e d  
between _f 32O t h e r e  would be a  v i o l a t i o n  f o r  t h e  s t a r r e d  y e a r s / t r a j e c -  
t o r y  types.  These occur p r i m a r i l y  f o r  t h e  f a s t  Type I t r a j e c t o r i e s  
which would n o t  be flown anyway because o f  t h e  poor i n s e r t e d  weigh t s ,  
F igures  A-2 and A-3 show the  C3 and VHP dependence on launch 
year  f o r  t h e  optimized Type I and I1 windows. The va lues  p l o t t e d  
correspond t o  t h e  minimum w e i g h t s - i n - o r b i t .  Note t h e  c l a s s i c  Type I1 
behavior  (C3 l a r g e  when VHP smal l  and v ice -versa )  whereas t h e  Type I 
v a r i a t i o n  i s  more i n  phase. The corresponding weights  i n  o r b i t  f o r  
t h e  Type I and I1 t r a j e c t o r y  c l a s s e s  is  shown i n  F igure  A-4. The 
presence of t h e  Type I peak i n  1985 fol lows from Figure  A-2. Both 
C3 and VHP a r e  r e l a t i v e l y  smal l  i n  t h i s  r eg ion .  Type I dominates 
through 1990 where Type I1 becomes more favorab le .  The major payload 
peaks occur f o r  1 9 8 5 / ~ ~ ~ e  I and 1997/Type 11, The i n j e c t e d  weights  
f o r  t h e  15-day windows optimized on weigh t - in -orb i t  a r e  shown i n  
F igure  A-5. Again t h e  peaks occur f o r  1985/Type I and 1997/Type 11. 
The peaks fo l low t h e  C3 behavior  of F igure  A-2. This i s  an i n d i c a t i o n  
t h a t  windows optimized f o r  f l y b y  miss ions  w i l l  n o t  d i f f e r  a p p r e c i a b l y  
from t h e  o r b i t e r  cases .  
I n  o rder  t o  b e t t e r  unders tand t h e  s i g n i f i c a n c e  of t h e  s u p e r i o r i t y  
of launch i n  1985 and 1997, t h e  one day launch window da ta  o f  Table A - 3  
was used t o  c o n s t r u c t  F igure  A-6. I n  Figure  A-6, S a t u r n ' s  p e r i h e l i o n  v e c t o r  
i s  denoted by p. The p o s i t i o n  of S a t u r n  a t  a r r i v a l  is  shown fox each 
optimized launch y e a r - t r a j e c t o r y  type w i t h  t h e  we igh t - in -orb i t  i n  
VHP 
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1992-11 Max Weight 
i n  Orbit (344 kg)** 
Sa tu rn ' s  Orb i t  
~ a r t h ' s  Orbit* 
1984-1 (577) 
1985-1 (594) 
*Not t o  Scale  
**- For 15 Day Launch Period 
F ig .  A - 6  ~ a u n c h / A r r i v a l  Geometry 
parenthes is ,  The ascending node of s a t u r n ' s  o r b i t  i n  t he  e c l i p t i c  is 
denoted b y Q  and the  descending node b y 3  . Type I t r a j e c t o r i e s  genera l ly  
i n t e r c e p t  Sa turn  a t  the  descending node while Type I1 t r a j e c t o r i e s  go t o  
t he  ascending node. When the  t r a j e c t o r i e s  i n t e r c e p t  Sa turn  a t  the node 
the  t r a n s f e r  plane l i e s  i n  the e c l i p t i c  and hence C3 is kept small. Note 
t h a t  i n  Figures  A-2 and A-3 the minimum C3 f o r  Type I occurs i n  1985 and 
fo r  Type I1 i n  1997. Also note from Figure A-6 t h a t  t he  maximum weight 
i n  o r b i t  occurs f o r  Saturn i n t e r c e p t s  nea re s t  the  nodes (1998-11 and 
1983-IT). Missions t o  the descending node d e l i v e r  more payload i n  o r b i t  
becuase of smaller  VHP's a t  Saturn. These a r e  reduced because the 
descending node is near aphelion where saturn6 h e l i o c e n t r i c  v e l o c i t y  is 
smaller .  
Table A-3 One Day Launch Period 
LAUNCH TRASEC- SATURN TRUE- TRANSFER FLIGHT TIME C3 ,. ,. VHP 
YEAR TORY ANOMALY AT ANGLE (DAYS)(YEARS) ( f i Z / s Z )  ( K ~ / s )  
TYPE ARRIVAL(DEGS) a)EGS) 
b. Dependence of Weight-In-Orbit on Launch Vehicle - The launch/ 
encounter windows of Sect ion (a) were optimized with o r b i t a l  payloads 
corresponding t o  a Shut t le / four -s tage  IUS launch vehic le  (L/v). This s ec t ion  
r epor t s  on the  o rb i t ed  payload c a p a b i l i t y  of o ther  L/V i n  the  same launch/ 
encounter windows. Figure A-7 shows the throw weight (or launch payload) 
versus  C 3  performance curves f o r  f i v e  launch veh ic l e s .  The th ree  upper 
curves assume maximum use i s  made of the Space Tug Earth o r b i t a l  capab i l i t y .  
\ 
Space  Tug/APMI (1800 kg) 
Space Tug/PM (2300) 
1800 Space T u g / B I I  (2300) 
\ 
\ 
F i g .  A-7 Launch V e h i c l e  Performance 
The upper, s o l i d  l i n e  i s  f o r  t he  Shut t le / four -s tage  IUS. The T i t an  3E/ 
Centaur c a p a b i l i t y  i s  shown fo r  reference.  Only 3-axis s t a b i l i z e d  pay- 
load performance was considered. Modified kick-stages fo r  spin-establ ished 
payloads degrade the TUG and IUS performance only s l i g h t l y .  These curves 
were f i t  with quadratic funct ions f o r  i n t e r p o l a t i o n  a t  var ious values 
of C3.  
Tables A - 4  and A-5 present  i n j ec t ed  weight and weight- in-orbi t  
fo r  the 15-day launch windows of Sect ion a .  Orbited weight vs. Launch 
year da ta  is  shown graphica l ly  i n  Figure A - 8  f o r  the h ighes t  performing 
TUG and I U S  candidates .  The TUC can i n s e r t  50% more weight i n  o r b i t  
than the  IUS t o  a maximum of 1118 kg i n  1983. These weights a r e  somewhat 
op t imi s t i c  s ince  no s /C-L/V adapter  weight was assumed and allowance 
was not  made f o r  i n -o rb i t  maneuvers. However, 100 m/s was budgeted f o r  
midcourse DV propel lan t  and 100 m/s f o r  f in i te -burn  l o s s  i n  o r b i t a l  
i n se r t i on .  Orbited payloads f o r  the other  TUG vehic les  were computed 
from the throw-weight r a t i o s  displayed i n  Figure A-9. The r a t i o s  may 
be used t o  obta in  weights- in-orbi t  fo r  the s p e c i f i c  L / V  by mult iplying 
the  r a c i o  times the  corresponding re ference  L /V payload ( i .e . ,  the 
Space Tug wi th  the  PM (2300) s t a g e  i s  capable of i n s e r t i n g  85% of  t h e  
APMI payload i n  1992. The performance r a t i o s  a s  wel l  a s  the re ference  
L/V performances a r e  optimal f o r  1985 and 1997 launches. 
'Table A-4 INJECTED WEIGHT (KG) 
(15 Day Window) 
SPACE TUG SPACE TUG SPACE TUG 
APMI rn B 11 
SHUTTLE 4-STAGE 
IUS LAUNCH YEAR 
1983 (I) 
1983 (11) 
1984 ( I )  
1984 (11) 
1985 (I) 
1985 (11) 
1986 (I )  
1986 (11) 
1988 (I) 
1988 (11) 
1990 (I )  
1990 (11) 
1992 (I )  
1992 (11) 
1994 ( I )  
1994 (11) 
1996 (I) 
1996 (11) 
1997 (I) 
1997 (11) 
1998 (I )  
1998 (11) 
Table .A-5 WEIGHT IN SATURN ORBIT (kg) 
(15-Day Window) 
SPACE TUG SPACE TUG SPACE TUG SHUTTLE 4-STAGE 
APMI PM B I1 IUS LAUNCH YEAR 
1984 (I) 
1984 (11) 
1985 (I) 
1985 (11) 
1986 (I) 
1986 (11) 
1990 (I) 
1990 (11) 
1992 (I) 
1992 (11) 
1996 (I) 
1996 (11) 
1997 (I) 
1997 (11) 
1998 (I) 
1998 (11) 
2000 (I) 
2000 (11) 
Space Tug 
Space Tug 
Space Tug 
Launch Year 
- A P M I  
- PM 
- BII 
Stage IUS 
F i g .  A-8  O r b i t e d  Payload for Tug vs .  IUS (15-Day Window) 

c .  Performance f o r  Mariner and P ioneer  Class  S p a c e c r a f t  - To 
b e t t e r  unders tand t h e  launch v e h i c l e  requirements  f o r  T i t a n  miss ions  i t  
was decided t o  examine s e v e r a l  launch y e a r s  and determine t h e  throw 
weights  r e q u i r e d  t o  f l y  an  optimized Mariner o r  Pioneer c l a s s  probe 
p e n e t r a t o r  or  l ander  mission.  The d i r e c t  b a l l i s t i c  miss ions  chosen a r e  
shown on Table A-6.  These a r e  r e p r e s e n t a t i v e  of windows def ined  pre-  
v i o u s l y  i n  Table A - 1 ,  S e c t i o n  a ,  S p a c e c r a f t  component weights  a r e  g iven  
i n  Table A - 7 . ( ~ h e  t o t a l  S/C p r o p e l l a n t  weight i s  denoted by Wp). O r b i t  
i n s e r t i o n  A v ' s  a r e  taken from Table A-37, S e c t i o n  D of t h i s  r e p o r t .  These 
dV1s a r e  minimum performance requirements  f o r  o r b i t e r  miss ions  which 
make use of T i t a n  pumping and c rank ing  maneuvers. Using t h e s e A V 1 s  the  
o r b i t e d  payload (bus + lander /pene t r a  t ~ r / ~ r o b e  o r  j u s t  bus)  was "backed 
up" t o  pre-SO1 (where any p re  - SO1 d e f l e c t i o n  was accounted f o r )  and 
then  t o  E a r t h  ( t o  inc lude  100 m / s  f o r  mid.-course c o r r e c t i o n ) .  
1 )  Mariner Based Missions - Required throw weights  a r e  
shown i n  Table A-8 and F igure  A-10 f o r  l a n d e r ,  probe and p e n e t r a t o r  
miss ions  flown w i t h  a  700 kg Mariner-based o r b i t e r  s p a c e c r a f t  i n  t h e  
y e a r s  1983, 1985, 1988, 1992, 1996 and 1998. (A t y p i c a l  throw weight 
d e r i v a t i o n  i s  shown i n  Table A-9). These a r e  t o  be compared w i t h  the  
Shu t t l e / IUS and S h u t t l e l T u g  c a p a b i l i t i e s .  The o r b i t e r  A V  budget i s  . 3  
km/s p lus  t h e  r e q u i r e d  powered swingby o r  m u l t i p l e  burn i n s e r t i o n A V  f o r  
the  p a r t i c u l a r  year .  Open symbols a r e  f o r  l ander ,  probe and p e n e t r a t o r  
deployment be fore  SOI. S o l i d  symbols ( i n  1988) a r e  f o r  l ander  and probe 
deployment from S a t u r n  o r b i t .  A l l  t h e  l a t t e r  a r e  f o r  a n  Ear th  s t o r a b l e  
r e t r o  p ropu ls ion  system ( I s p  = 295). The improvement expected w i t h  
space s t o r a b l e  (SS) p r o p e l l a n t s  ( I s p  = 375) is  a l s o  shown. Note t h a t  
t h e  probe (and t h e r e f o r e  p e n e t r a t o r )  miss ion  i s  p o s s i b l e  i n  1983, 1985, 
1996 and 1998 w i t h  the  Tug, and i n  1988 w i t h  the  Tug and SS p r o p e l l a n t s .  
The same miss ions  a r e  marginal  i n  1983 and 1985 w i t h  SS p r o p e l l a n t s  and 
the  IUS. Lander miss ions  i n  1983, 1985 and 1998 r e q u i r e  the  Space Tug, 
and those  i n  1988, 1992 and 1996 exceed t h e  c a p a b i l i t y  of even t h e  Space 
Tug. 
T a b l e  A - 6  Representative Direct  Ballistic Missions 
sss3za .J 
hunch Arrival 
Year 
-
Date Date FlightTime VHS - R A D EC C3 
--.II- 
1983 ( I I ) 01106183 05/12/90 7.4 years 5.31 75.9'1 -4.16 1U8.5 
1988 ( I) 02128188 05/07/93 5.2 years 5.88 112.15 -21.90 119.6 
P 
I 
N 
.P 199211) 04116192 11/27/96 4.6yeai-s 6.50 124.88 -14.34 131.0 
1995 ( l l )  05124196 03127104 7.8 years 6.43 62.59 -6.83 110.5 
1998 ( l l 1 07107198 111116104 6.3 years 5.86 74.95 4.02 107.5 

Table A-8 
Throw Weight Requirements f o r  MSO: Pre-SO1 Deployment 
LAUNCH YEAR LANDER PROBE PENEWTOR 
1983 1953.1 1712.6 1687.1 
1985 1946.4 1705.8 1680.4 
1988 2241.0 2000.4 1975.0 
1992 2620.9 2380.4 2354.9 
1996 2237.4 1996.8 1971.4 
1998 1992.2 1841.7 1816.2 
Tab le  A-9 
Throw Weight D e r i v a t i o n  f o r  Probe Mission i n  1985 
U r b i t  P n s e r t i o n  AV (Km/sec) 
T o t a l  A V  (Km/sec) 
l J ~ r o p e l l a n t  I n e r t s  
Usable Payload 
Gross Payload 
Wp , In-Orb i t T r  ims 
I n s e r t e d  O r b i t e r  
Wp, SO1 
Pre-SO1 O r b i t e r  
Wp, D e f l e c t i o n  
Probe 
B i o s h i e l d  
o r b i t e r  /Probe S t r u c t .  
S/C Pre-Sep. 
Wp, MCC 
S/C Pre--MCC 
L/V Adapter 
B i o s h i e l d  Cover 
Throw Weight  
MSO 
1,267 
1.567 
PSO 
1.267 
1.567 

2) Pioneer  Based Miss ions  - Table  A-10 and F igure  A - 1 1  
p o i n t  o u t  t h a t  a l l  P ioneer -c lass  l a n d e r ,  probe and p e n e t r a t o r  miss ions  
a r e  p o s s i b l e  w i t h  t h e  Shut t le /Tug.  The t u g  w i l l  a l s o  a l low T i t a n  
l and ings  from S a t u r n  o r b i t  f o r  a l l  y e a r s  b u t  1992 ( s o l i d  symbols). 
Probe and/or  p e n e t r a t o r  miss ions  a r e  p o s s i b l e  w i t h  t h e  IUS i n  a l l  y e a r s  
b u t  1992. Lander miss ions  on t h e  o t h e r  hand c a n  be flown w i t h  t h e  
IUS i n  on ly  1983, 1985, 1996 and 1998 u t i l i z i n g  E a r t h  s t o r a b l e  p r o p e l l a n t s .  
With SS p r o p e l l a n t s ,  IUS/lander miss ions  can a l s o  be flown i n  1988. 
Table A-10 
Throw Weight Requirements f o r  PSO: Pre-SO1 Deployment 
LAUNCH YEAR LANDER - PROBE PFNETRATOR 
1983 1122.2 882.1 856.2 
1985 1118.7 878.6 852.7 
1988 1256.5 1016.4 990.5 
1992 1433.7 1193.6 1167.7 
1996 1254.7 1014.1 988.7 
1998 1182.3 941.7 916.2 
2. J u p i t e r  Swingby T r a j e c t o r i e s  t o  S a t u r n  - The J u p i t e r  swingby 
technique t a k e s  advantage of t h e  r e l a t i v e  a l ignments  between E a r t h ,  
J u p i t e r  and S a t u r n  t o  a l low t r a j e c t o r i e s  t o  S a t u r n  t o  be flown w i t h  
launch e n e r g i e s  e q u i v a l e n t  t o  J u p i t e r  t r a j e c t o r i e s  . The swingby o r  
g r a v i t y  a s s i s t  t echn ique  is  w e l l  known and was used i n  che Mariner-  
Venus-Mercury miss ion  and is be ing  planned f o r  t h e  MJS 1977 miss ion.  
J u p i t e r - S a t u r n  a l ignments  t h a t  pe rmi t  swingby miss ions  occur once every  
22 y e a r s  and t h e  n e x t  o p p o r t u n i t y  o f  i n t e r e s t  is n o t  u n t i l  t h e  l a t e  
1990 ' s  pe r iod .  Ana lys i s  has shown c o n s i d e r a b l e  i n c r e a s e  i n  bo th  throw 
weight c a p a b i l i t y  and i n s e r t e d  payload c a p a b i l i t y  a s  w e l l  a s  a  r e d u c t i o n  
i n  f l i g h t  t ime f o r  swingby t r a j e c t o r i e s  compared w i t h  b a l l i s t i c  f l i g h t s .  
The on ly  d i f f i c u l t y  is t h e  r e l a t i v e l y  smal l  number of launch o p p o r t u n i t i e s  
i n  t h e  i n t e r v a l  of i n t e r e s t .  

a. J u p i t e r  Swingby Performance C a p a b i l i t i e s  - I n  t h i s  s t u d y  
the  y e a r s  1996 through 2000 were analyzed t o  a s c e r t a i n  performance 
advantages  over  non-swingby y e a r s  f o r  T i t a n  m i s s  ions  invo lv ing  a S a t u r n  
o r b i t e r .  These a n a l y s e s  were done e a r l y  i n  t h e  s t u d y  when S h u t t l e  IUS 
and S h u t t l e  Tug performance p r o j e c t i o n s  were i n  a cons iderab le  s t a t e  of 
f l u x .  For t h a t  r eason  t h e  b a s i c  comparison of b a l l i s t i c  and swingby 
t r a j e c t o r y  c a p a b i l i t i e s  was made on t h e  bases  of T i t a n  I I IEICentaur  
performance. L a t e r ,  comparative d a t a  were developed f o r  IUS and Tug 
launch systems. It was found t h a t  t h e  b e s t  swingby y e a r  is 1998 w i t h  
1999 a c l o s e  second. I n  1998 a T i t a n  I I IEICentaur  launch v e h i c l e  is  
capable  of i n s e r t i n g  710 kg of paybad  i n t o  an  e l l i p t i c a l  o r b i t  a b o u t  
S a t u r n  w i t h  a per iod of 32 days and p e r i a p s i s  r a d i u s  equal  t o  f i v e  
S a t u r n  r a d i i  (5Rs). Th i s  o r b i t  i s  used s o  t h a t  a d i r e c t  comparison w i t h  
non-swingby r e s u l t s  can be made. The f l i g h t  t ime corresponding t o  t h e  
710 kg i n s e r t e d  weight  i s  5% y e a r s .  The b e s t  non-swingby T i t a n  I I I E I  
Centaur r e s u l t  is 478 Kgms i n  1985 - a l s o  wi th  a 5% year  f l i g h t  t ime. 
U t i l i z i n g  t h e  J u p i t e r  swingby oppor tun i ty  wi th  t h e  T i t a n  I I IE jCentaur  
a f f o r d s  a  l a r g e r  o r b i t e r  payload (710 kg) than t h e  IUS i s  capable  of 
y i e l d i n g  w i t h  t h e  b e s t  1985 d i r e c t  t r a j e c t o r y  (594 kg). The space t u g  
performance w i t h  non-swingby t r a j e c t o r i e s ,  however, exceeds t h e  T i t a n  
I I IE /Cena tur  swingby va lue  by a s  much a s  200 kg. The a d d i t i o n a l  space 
t u g  launch performance may be used i n  con junc t ion  w i t h  t h e  J u p i t e r  
swingby t r a j e c t o r y  mode t o  reduce t h e  f l i g h t  time t o  S a t u r n ,  i . e . ,  a  
SIC mass of 710 kg can be placed i n  Sa tu rn  o r b i t  w i t h  a f l i g h t  t ime of  
on ly  3% y e a r s .  
I n  t h e  d a t a  presented h e r e ,  J u p i t e r  swingby t r a j e c t o r i e s  t o  
S a t u r n  were t a r g e t e d  f o r  t h e  y e a r s  1996 through 2000. F l i g h t  t imes a s  
h i g h  a s  6% y e a r s  were considered w i t h  launch and a r r i v a l  d a t e s  s e p a r a t e d  
by 15 days and 60 days r e s p e c t i v e l y .  The minimum a l lowable  c l o s e s t  
approach d i s t a n c e  t o  J u p i t e r  was 2 R j .  The launch energy (C3) and hyper-  
b o l i c  excess  speed a t  S a t u r n  (VHP) were used t o  compute a n  i n j e c t e d  weight 
from Ear th  and a n  o r b i t e d  payload mass i n  S a t u r n  o r b i t .  A S a t u r n  o r b i t  
of 32 day per iod and p e r i a p s i s  r a d i u s  equa l  t o  5 Rs was s e l e c t e d  s o  
t h a t  a n  o r b i t e d  weight  comparison could  be made w i t h  t h e  d i r e c t  b a l l i s t i c  
r e s u l t s  of Reference A-3. I n  a d d i t i o n  t o  t h e  i n s e r t i o n  AV, t h e  t o t a l  
maneuver budget al lowed 100 m / s  f o r  midcourse maneuvers and 100 m / s  f o r  
f i n i t e  burn l o s s  i n  SOI.  The o r b i t e r  engine I was taken t o  be 280. 
s P 
The i n s e r t e d  weight r e s u l t s  were o u t p u t  i n  t a b u l a r  format on 
a launch/encounter  g r i d  and then conver ted t o  we igh t - in -orb i t  vs .  launch 
d a t e  wi th  f i x e d  f l i g h t  time contours .  (See F igures  A-12 and A-13). 
F igure  A-12, f o r  1998, shows t h e  maximum i n s e r t e d  weight f o r  each f l i g h t  
time contour  i n c r e a s i n g  w i t h  f l i g h t  time t o  a maximum of 780 Kgms f o r  
a 6% year  time-of -f l i g h t .  The requirement  f o r  a 1 5  day launch per iod 
reduces t h i s  t o  736 Kgm. Success ive ly  s h o r t e r  f l i g h t  times correspond 
t o  e v e r  widening r e d u c t i o n s  i n  t h e  maximum o r b i t e d  weight.  The curves  
of F igure  A-12 and A-13 a l o n g  wi th  s i m i l a r  type d a t a  f o r  i n j e c t e d  weight  
can be used t o  o b t a i n  t h e  we igh t - in -orb i t  vs .  f l i g h t  t ime r e s u l t s  o f  
F igures  A-14 and A-15. The C3 va lues  a r e  shown on the  i n j e c t e d  weight  
p r o f i l e  ( W I N J )  and VHP's on t h e  o r b i t e d  weight curve (WINORB). The C3 
and VHP magnitudes a r e  cons iderab ly  smal le r  than those  f o r  t h e  d i r e c t  
b a l l i s t i c  t r a j e c t o r i e s .  (The l a t t e r  being a t  b e s t  i n  t h e  105 h 2 / s e c 2  
and 5.2 ~ r n / s e c  range r e s p e c t i v e l y . )  F igures  A-14 and A-15 a r e  f o r  s i n g l e  
launch d a t e s  (6/3/98 and 7 /4 /99  r e s p e c t i v e l y ) .  I n j e c t e d  weights o f  t h e  
o r d e r  of 1200 Kgm f a r  exceed the  non-swingby c a p a b i l i t y  of  900 Kgm. 
When the  launch per iods  a r e  opened up t o  10 days and 1 5  days t h e  
maximum weight  i n  o r b i t  decreased by a t  most 6%. (Figure  A-16) 
F igure  A-17 summarizes the  swingby r e s u l t s  f o r  each of t h e  launch y e a r s  - 
1996 through 2000. The peak year  i s  1998 wi th  1999 y i e l d i n g  only  
40 Kgms o r  s o  l e s s  i n s e r t e d  payload. F igure  A-18 i l l u s t r a t e s  how t h e  
swingby and d i r e c t  miss ions  compare dur ing  t h e  y e a r s  1996 t o  2000. 
Note t h a t  i n  1997, a very favorab le  year  f o r  t h e  d i r e c t  
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t r a j e c t o r y  mode, the 5, 6 ,  7 and 8 year missions have l a rge r  i n se r t ed  
payloads than the 5 year swingby. The 6 year swingby, however, achieves 
much higher l eve l s  of performance, F ina l ly ,  Figures A-19 and A-20 
demonstrate the added in j ec t ed  weight and in se r t ed  payload c a p a b i l i t y  
ava i l ab l e  wi th  the  IUS and space tug, The IUS i s  good for  500 Kgm more 
in j ec t ed  weight than the T i t an  IIIEICentaur bu t  the tug i n j e c t s  LOO0 
Kgm more than the IUS. The in se r t ed  weight p i c t u r e  is not a s  dramatic 
because of t he  small  i n se r t ed  period. The tug can be used t o  achieve 
more in se r t ed  payload (almost 1700 Kgms) or it can be used t o  shor ten  
the f l i g h t  time t o  Saturn wi th  reduced payloads. 
3. d VEGA Tra j ec to r i e s  t o  Sa turn  - The A VEGA t r a j e c t o r y  mode i s  
a  new f l i g h t  technique developed a t  Martin Mariet ta ,  which u t i l i z e s  the 
g rav i ty  f i e l d  of Earth i n  a  swingby mode t o  reduce the energy requi re -  
ments f o r  missions t o  Saturn. The bas ic  technique as  d iagramed i n  
km2 
Figure A-21 launches from e a r t h  (EL) with a  low C3 ( g 2 7 s 2 )  i n t o  he l io -  
c e n t r i c  t r a j e c t o r y  with aphel ion se lec ted  t o  produce an o r b i t  with period 
near 2 or 3 years.  A r e t r o  maneuver ( d v a )  i s  performed near aphelion, 
ta rge ted  t o  produce an Earth swingby (ESB) e i t h e r  before o r  a f t e r  
completion of the o r b i t .  The p o s s i b i l i t y  e x i s t s  t h a t  an  Ear th  swingby 
maneuver ( A V E S B )  w i l l  be requi red  t o  reach s p e c i f i c  t a r g e t  ob jec t ives .  
This need depends on the period of the AVEGA o r b i t  (2 or  3   ears) 
designated i n  t h i s  r epo r t  as  2- or 3- and the  t a r g e t  p lane t  h e l i o c e n t r i c  
rad ius .  An Earth swingby A V  i s  required fo r  Sa turn  t r a j e c t o r i e s  w i th  2 
year phasing o r b i t s .  
The s i g n i f i c a n t  advantages of t h i s  technique a r e  increased payload, 
approximately t r i p l e  t h a t  of a  b a l l i s t i c  t r a j e c t o r y ,  and launch oppor tuni t ies  
every year .  Although phasing periods of two o r  t h r e e  years  a r e  required t o  
achieve t h e  necessary p lane tary  alignments f o r  optimum performance, s ign i f -  
i c a n t  performance advantages can be r ea l i zed  without increas ing  t o t a l  f l i g h t  
t ime ( see  Page A-46 ) .  
a. AVEGA Performance Capab i l i t i e s  - A comparison of the d i r e c t  
b a l l i s t i c  and BVEGA techniques was made fo r  a  1983 Ti tan  mission. The 
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d VEGA optimizat ion program was used t o  determine the Earth launch da te  
which minimizes the t o t a l  maneuver A V  (C3 i d V a  +dVSB) fo r  a  prescr ibed  
f l i g h t  time t o  Saturn. By varying f l i g h t  time, Tables A - 1 1  ( for  2-) and 
A-12 ( for  3-) were developed. Weights a r e  presented f o r  the Ti tan  IIIE/ 
Centaur (TE364-4) launch vehic le .  The f i n a l  payload i s  placed i n  a  
4 RS x 32 day o r b i t  about Sa turn  with a  r e t r o  motor I sp  of 295. I n  the 
tab les ,  
F l t  Time = Total  f l i g h t  time (years) from Earth launch t o  
Saturn encounter 
c3 = Earth launch energy (km2/sec2) 
W~~ J = Weight i n j ec t ed  a t  Earth launch (kg) 
AVa -I- AVSB = Aphelion + swingby v e l o c i t y  change (km/sec) 
W~~~ = Weight a t  encounter with Saturn (kg) 
VHS = hyperbolic excess speed a t  Saturn (km/sec) 
A v s o ~  = ve loc i ty  change t o  achieve Saturn o r b i t  (lao/sec) 
W~~~ = orbi ted  payload (kg) 
DLA = decl ina t ion  (equator ia l )  of launch asymptote (degrees) 
For the 7 year 3' case,AVSB did  indeed go t o  zero but  the  minimum 
t o t a l  of AVa + dVSB occurred f o r  the  2/24 launch da te  which happens t o  
have a  non-zero AVSB. 
Several  t r a j e c t o r y  r e l a t e d  q u a n t i t i e s  from Tables A - 1 1  and A-12 
a r e  presented graphica l ly  i n  Figure A-22. It i s  noted t h a t  C3 v a r i e s  
slowly with f l i g h t  time and i s  pr imar i ly  a  funct ion of the  period of the 
AVEGA o r b i t ,  being l a rge r  fo r  the 3' type because of the higher aphelion 
rad ius .  While C3 i s  l a rger ,  the sum of AVa + AVSB ( e s s e n t i a l l y  only AV, 
f o r  the 3- case)  i s  smaller.  A s  w i l l  be seen l a t e r ,  the 2' and 3" perfor -  
mance for  the 1983 mission i s  very s imi la r .  The VHS a t  Saturn does 
minimize t o  very reasonable l e v e l s  near 5.3 km/sec. 
Figure A-23 compares the  weights from Tables A - 1 1  and A-12 with 
the  d i r e c t  b a l l i s t i c  weights. Type I and 11 performance curves a r e  
shown fo r  weight a t  encounter ( so l id  l i n e )  and weight i n -o rb i t  (broken l i n e ) .  
Table A-11 2- AVEGA: Weight Computations 
Table A-12 3- AVEGA: Weight Computations 
DLA 
-21.7O 
-21.7' 
-22.4" 
-23.0' 
-23.4O 
-23.4' 
I 
W 
ORB 
802.7 
1107.7 
1180.7 
1152.3 
1112.6 
977.0 
Av~OI 
2.137 
1.514 
1,331 
1.342 
1.437 
1.591 
'ENC 
1681 
1870 
1871 
1833 
1829 
1694 
1 
AV + AV 
a SB 
0.425 
0.352 
0.777 
0.469 
0.0 
0.469 
0.467 
0.0 
0.467 
0.527 
0.0 
0.527 
0.533 
0.0 
0.533 
0.754 
0.0 
0.754 
VHS , 
7.67 
5.92 
5.31 
5.35 
5.67 
6.16 
I 
W~~~ 
2200 
2200 
2200 
2200 
2200 
2200 
3 
47.82 
47.73 
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02/24/83 
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In  the v i c i n i t y  of 7  years  f l i g h t  time where the d i r e c t  Type I o rb i t ed  
weight i s  .*500 kg, the  2' AVEGA orb i t ed  weight is over 1000 kg, more than 
twice the orb i ted  weight! An orb i ted  weight: of-1200 kg can  be obtained 
i f  an add i t i ona l  year  of f l i g h t  time can be to l e ra t ed .  The AVEGA weight 
curves drop of f  f o r  sho r t  f l i g h t  times but  t he re  is s t i l l  an advantage t o  
be gained even a t  6  year and sho r t e r  f l i g h t  times. Weights a t  encounter, 
of course,  should have the  same behavior. It i s  important t o  note t h a t  
a t  l e a s t  f o r  the 1983 opportunity there  i s  nothing t o  be gained by going 
t o  the  3- type AVEGA. 
Performance data  a r e  a l s o  presented f o r  the 1983 ~'AVEGA case 
flown wi th  a  Shuttle/IUS launch vehicle .  These a r e  shown i n  Table A-13 
and Figure A-24. Orbited payload curves a r e  presented fo r  the suggested 
range of high (H.P.) and low (L.P.) performance IUS candidates.  The 
low performance IUS provides an addi t iona l  200 kg of payload over the 
Ti tan  IIIE. The higher performing IUSs can more than double the T i t an  
I I IE  o rb i t ed  mass t o  the 2600 kg range. 
These r e s u l t s  show AVEGA t o  be a  most a t t r a c t i v e  f l i g h t  technique 
f o r  Ti tan  missions. One which can increase de l ivered  payload without 
cos t ing  add i t i ona l  f l i g h t  time, and one c e r t a i n l y  deserving of more study. 
Table A-13 2- AVEGA IUS Performance 
F l i g h t  
Time 
6 
7 
8 
9 
10 
High Performance IUS Low Performance IUS 
W 
INJ 
3900 
3900 
3900 
3900 
3800 
W 
ORB 
1495 
2397 
2643 
2532 
2354 
W 
LNJ 
7400 
7400 
7400 
7400 
W 
ENC 
3080 
4024 
4180 
4019 
W 
ENC 
1623 
2121 
2203 
2118 
2008 7300 1 3858 
W 
ORB 
788 
1263 
1393 
1334 
1225 
b. BVEGA Performance f o r  Mariner and Pioneer Class  
Missions - A l l  the Mariner and Pioneer missions considered can be 
flown wi th  the  IUS us ing  the  AVEGA technique i n  1983  a able A-14) 
Deployment can  take p lace  from Saturn  o r b i t  and probably from an  o r b i t  
around Titan. Required throw weights a r e  very s imi l a r  t o  those f o r  the  
1988 d i r e c t  mission (VHS's s imi l a r ) .  The main advantage i s  i n  the  
add i t i ona l  L/V throw weight r e s u l t i n g  from lower "effect ive" Cg. 


B . DEFLECTION M A N E W R  
The successfu l  implementation of the  de f l ec t ion  maneuver is  
e s s e n t i a l  t o  achieve the sc ience  objec t ives  of the mission modes under 
considerat ion.  We have analyzed three  de f l ec t ion  maneuvers and have 
determined t h e  advantages and disadvantages of each. These w i l l  be given 
below. For purposes of a concise descr ip t ion  of the de f l ec t ion  event  we 
will discuss  the  maneuver a s  i f  appl ied only t o  t he  probe mission when 
i n  f a c t  the same comments apply  equal ly  t o  each mission mode. Since t h i s  
study was performed under the assumption t h a t  planetary quarant ine r e s t r i c  - 
t i o n s  equivalent  t o  those met by the  Viking Mars mission would be imposed, 
the de f l ec t ion  maneuver becomes more complex and c r i t i c a l .  
1. Probe Deflect ion 
Probe de f l ec t ion  imposes minimum requirements on the spacecraf t  
design. The spacecraf t  probe combination is  targeted for  the des i red  Ti tan  
f lyby condit ions.  The probe i s  e j ec t ed  from the  spacecraf t  by a simple 
technique, possibly spr ings ,  and o r i e n t s  i t s e l f  i n  the desired a t t i t u d e  for  
the def lec t ion  propulsive maneuver t h a t  w i l l  produce acqu i s i t i on  o f  the  
desired en t ry  s i t e .  Upon completion o f  t h i s  burn  the  probe o r i e n t s  i t s  
a t t i t u d e  t o  en ter  a t  a 0' angle of a t t a c k .  Probe de f l ec t ion  i s  most demanding 
upon the probe systems design requi r ing  both a propulsion and a t t i t u d e  
cont ro l  system. The primary advantage of probe def lec t ion  i s  the minimal 
planetary quarant ine impact upon the spacec ra f t  s ince a t  no time during 
the de f l ec t ion  maneuver i s  the  spacecraf t  t a rge ted  t o  a Titan impacting 
r r a  jectory.  
2. Spacecraf t  Deflect ion 
The spacec ra f t  probe combination, f o r  the spacec ra f t  de f l ec t ion  
mode, i s  i n i t i a l l y  ta rge ted  t o  impact T i t an  a t  the des i red  en t ry  loca t ion .  
The probe i s  re leased  from the  spacecraf t  i n  the  des i r ed  en t ry  a t t i t u d e .  
The spacec ra f t  then i s  def lec ted  away from T i t an  t o  e s t a b l i s h  communica- 
t i on  geometry and the required f lyby rad ius .  Thus, t he  spacec ra f t  performs 
a l l  the maneuvers, and the  probe is  kept  a s  simple a s  possible .  Because 
of t he  p lane tary  quarant ine  requirement a t  Ti tan  e i t h e r  the  spacecraf t  
. must be s t e r i l i z e d  or  a n  u l t r a r e l i a b l e  propulsion subsystem i s  required t o  
s a t i s f y  the P.Q. cons t r a in t s .  
3.  Shared Def lec t ion  
The spacec ra f t  probe combination is  ta rge ted  t o  the des i red  T i t an  
f lyby condit ions.  I n  t h i s  mode the  probe AV i s  constrained t o  the d i r ec -  
t i o n  requi red  to  acqui re  the  des i red  en t ry  loca t ion .  The spacec ra f t  must 
then be acce l e ra t ed  t o  e s t a b l i s h  the required communications geometry. 
The implementation sequence fo r  t h i s  mode follows : 
a .  The spacec ra f t  r o t a t e s  away from t h e  e a r t h  point ing a t t i t u d e  t o  
the de f l ec t ion  maneuver a t t i t u d e  and r e l e a s e s  the probe. 
b.  The probe then f i r e s  i t s  a x i a l  t h rus t e r  f o r  i t s  de f l ec t ion .  
c .  The spacec ra f t  i s  then r o t a t e d  t o  t h e  a t t i t u d e  required t o  
e s t a b l i s h  the des i red  communications geometry. 
Thus, the probe i s  only requi red  t o  generate t he  a x i a l  t h r u s t  and 
the planetary quarant ine implicat ions of the spacec ra f t  de f l ec t ion  mode 
a r e  bypassed. One disadvantage of the shared de f l ec t ion  mode is  t h a t  t he  
probe must en t e r  a t  the  same a t t i t u d e  es tab l i shed  f o r  the de f l ec t ion  
propulsive maneuver which implies  a non-zero angle  of a t t ack  a t  en t ry .  
However, for  a l l  cases  inves t iga ted  f o r  t h e  1985 opportuni ty,  the e n t r y  
angle of a t t a c k  was l e s s  than 30'. - 
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4. Deflect ion Radius Se lec t ion  
The d is tance  from Ti tan  t h a t  the  d e f l e c t i o n  maneuver is performed, 
or the de f l ec t ion  rad ius ,  i s  p lo t t ed  aga ins t  a wide range of parameters 
a s  shown i n  Figure A-25. The important t rends w i l l  be summarized here. 
DeflectionAV - TheAV requirements a r e  reduced d r a s t i c a l l y  as 
de f l ec t ion  r ad ius  is increased.  This  is  apparent  from t h e  downward 
s lope of a l l  the curves i n  Figure A-25 (a). 
Spacecraf t  Per iaps is  - The AV requirements f o r  th ree  d i f f e r e n t  
per iaps is  r a d i i  a s  a  funct ion of a de f l ec t ion  rad ius  is  shown i n  
FigureA-25(a). Note t h a t  the  A V  requirements a r e  about l i n e a r l y  pro- 
por t iona l  t o  spacec ra f t  pe r i aps i s  radius a t  Saturn: doubling the 
per iaps is  rad ius  about  doubles the AV requirement f o r  f ixed  
de f l ec t ion  r ad ius .  
Coast Time - The r e l a t i o n s h i p  between coas t  time and de f l ec t ion  
radius is  shown i n  FigureA-25(bi1t is seen  t h a t  coas t  time and def lec-  
t i on  rad ius  a r e  l i n e a r l y  r e l a t e d :  doubling t h e d e f l e c t i o n  r ad ius  
doubles the coas t  time. 
Dispersions - Dispersions i n  probe a spec t  angle  (PAA), en t ry  f l i g h t  
path angle ( rE) and range a r e  shown for  four  d i f f e r e n t  de f l ec t ion  
r a d i i  i n  FigureA-25(c),The spacec ra f t  uncer ta in ty  wi th  r e spec t  t o  T i t a n  
was assumed to  be 250 krn sphe r i ca l  (1 T ). Dispersions,while increas ing  
with de f l ec t ion  radius, do not increase i n  proport ion t o  the change i n  
de f l ec t ion  rad ius .  Therefore,  fo r  the assumed spacecraf t  uncer ta in ty ,  
the d ispers ions  shown i n  Figure A-25(c) a r e  not a s t rong  func t ion  of 
de f l ec t ion  rad ius .  
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5 .  Dispersion Analysis 
Unavoidable errors i n  navigat ion and guidance processes lead  
t o  unce r t a in t i e s  i n  spacec ra f t  s t a t e  a t  the  de f l ec t ion  point .  Execution 
e r r o r s  i n  the de f l ec t ion  maneuver i t s e l f  cannot be escaped. These e r r o r s  
and t h e i r  r e s u l t i n g  d ispers ions  must be considered i n  mission design. 
Parameters whose d ispers ions  a r e  c r i t i c a l  f a l l  n a t u r a l l y  i n t o  two 
c l a s ses  -- en t ry  parameters and communications parameters. Entry parameters 
a r e  var iab les  assoc ia ted  with probe entry,  such a s  entry s i t e ,  f l i g h t  path 
angle ,  angle  of a t t a c k ,  o r  time of entry.  Dispersions i n  these  parameters 
can a f f e c t  the science r e t u r n  of the mission. Communication parameters a r e  
q u a n t i t i e s  descr ibing the  communications l i n k  between the probe and space- 
c r a f t  such as probe aspec t  angle ,  comunica t ions  range, range r a t e  and 
range d i r ec t ion .  .Dispersions i n  communication parameters must be accounted 
for  i n  the design of the Link t o  insure  that  sc ience  data can be returned 
t o  Ear th .  
Deflect ion Dispersion Trends - A q u a n t i t a t i v e  discussion of the 
de f l ec t ion  d ispers ion  t rends  i s  given i n  t h i s  sec t ion .  For each 
ind iv idua l  study, trhe v a r i a t i o n s  i n  the  d ispers ion  (3C ) of the 
c r i t i c a l  mission parameters a r e  presented. 
Entry Angle - The va r i a t i ons  i n  dispersions as  a func t ion  o f  e n t r y  
angle a r e  i l l u s t r a t e d  i n  Table A-15.  The missions a s s m e  a spacec ra f t  
de f l ec t ion  mode with execution e r r o r s  of 1% propor t iona l i ty ,  0.5O 
AV point ing,  and 0.5O probe t i p o f f ,  a l l  3C . The t r a j e c t o r i e s  a r e  
a l l .  def lec ted  5 mi l l ion  km from Ti tan  fo r  en t ry  angles  of -60°, -70°, 
and -800. The navigat ion e r r o r s  a r e  assumed t o  be sphe r i ca l  500 km 
(1 ). Uith  pe r f ec t  rad io  t racking  t h i s  is  the smal les t  navigat ional  
uncer ta in ty  possible  and corresponds t o  che smal les t  assumed ephemeris 
uncer ta in ty  of Ti tan.  A-55 
TABLE A-15 - Entry  Dispers ions  a s  Funct ions  o f  E n t r y  Angle 
ENTRY DEFL ENTRY ENTRY PAA RANGE ANGLE OF ENTRY SITE SPACECRAFT-PROBE 
ANGLE A V  TIME ANGLE ENTRY ENTRY DR* XR7': . DIRECTION ATTACK 
deg m/sec ( 3 0  ( 3  0 )  ( 3 0  ) ( 3 0 )  ( 3 0  1 ( 3 0 )  ( 3 0  CA * CLA* 
min deg deg km deg deg deg ( 3 0  ) ( 3 0  
deg deg 
NOTE: The nominal miss ion  from which t h e  above d i s p e r s i o n s  were generated was t a r g e t e d  t o  have 
a range  a t  e n t r y  o f  3 0 K k m  and a c l o s e s t  approach a l t i t u d e  o f  T i t a n  o f  1000 km. 
+ 
DR - Down Range 
XR - Cross Range 
CA - Cone Angle 
CLA - Clock Angle 
The general  t rend i s  pred ic tab le :  the  shallower the e n t r y  angle  
t h e  l a r g e r  t he  e n t r y  parameter dispersions.  
Deflect ion Radius E f fec t s  - The s e l e c t i o n  of t he  de f l ec t ion  r ad ius  
must consider the  impact of d i spers ions .  Since the  de f l ec t ion  AV 
magnitude decreases a s  d e f l e c t i o n  rad ius  is  increased,  the  c o n t r i -  
but ion due t o  execution e r r o r s  a l s o  decreases.  However, t h i s  is  
compensated f o r  by the  e f f e c t  t h a t  increases  i n  coas t  time from 
de f l ec t ion  t o  e n t r y  increases  the time i n t e r v a l  over which the  d i s -  
persions w i l l  grow. Table A-16 i l l u s t r a t e s  the t rades  i n  de f l ec t ion  
rad ius .  The missions considered assumed a spacec ra f t  de f l ec t ion  
mode with the same execution e r r o r s  as used f o r  the en t ry  angle  study. 
The naviga t iona l  e r r o r s  a r e  assumed t o  be sphe r i ca l  250 km (10 ). 
This magnitude had t o  be reduced from 500 km s ince  seve ra l  probes 
6 
missed Ti tan  f o r  t he  10 x 10 km de f l ec t ion  radius.  The genera l  
t rend i l l u s t r a t e d  i n  Table A-16 is  increasing dispersions wi th  def lec-  
t i o n  rad ius .  
Pe r i aps i s  Radius - The v e l o c i t y  of the probe a t  en t ry  i s  l a r g e l y  a 
funct ion of the hyperbola pe r i aps i s  rad ius  with r e spec t  t o  Saturn.  
When i n t e r c e p t  occurs a t  a  po in t  tangent t o  T i t a n ' s  o r b i t ,  VRp i s  
minimized. The approach ve loc i ty  then increases  with decreasing 
pe r i aps i s  rad ius .  Dispersions were analyzed a s  a func t ion  of pe r i aps i s  
rad ius .  The r e s u l t s  a r e  displayed i n  TableA-17. Three values of 
pe r i aps i s  rad ius  were considered, 2.8 R 10 Rs, and 18 Rs. Other 
s ' 
assumptions a r e  de f l ec t ion  rad ius ,5  x lo6 loo, and naviga t iona l  
unce r t a in t i e s  500 km (1 U ) . 
TABLE A-16 En t ry  Dispers ions  a s  Func t ions  of D e f l e c t i o n  Radius 
DEFL ENTRY DEFL ENTRY ENTRY PAA RANGE ANGLE OF ENTRY S ITE SPACECRAFT PROBE 
RADIUS ANGLE AV TIME ANGLE ENTRY ENTRY ATTACK DR X R  DIRECTION 
l o 6  km deg m/sec ( 3 6 )  ( 3 6 )  ( 3  6) ( 3  6) deg ( 3  6) ( 3 ~ )  CA CLA 
min deg km km deg deg ( 3 4  ( 3 6 )  
deg deg 
TABLE A - 1 7  E n t r y  D i s p e r s i o n s  as F u n c t i o n s  o f  P e r i a p s i s  Radius 
PERIAPS I S  DEFL ENTRY DEFL ENTRY PAA RANGE ANGLE OF ENTRY SITE SPACECRAFT PROBE 
RADIUS RADIUS ANGLE AV ANGLE ENTRY ENTRY ATTACK DR XR DIRECTION 
Rs 
l o6  krn deg deg (3 6) (3 0-1 ( 3 4  ) deg ( 3 6 )  ( 3 6 )  CA CLA 
deg deg km deg deg ( 3 c )  ( 3 6  ) 
deg deg 
By r e f e r r i n g  t o  Table A-17, we s e e  the d ispers ions  genera l ly  decrease 
with increas ing  pe r i aps i s  rad ius .  Note, however, the behavior of 
the e n t r y  s i t e  d i spers ions :  here  t he  t rend is  reversed and down- 
range and crossrange d ispers ions  inc rease  with increas ing  pe r i aps i s  
rad ius .  One poss ib le  explanat ion i s  t h a t  f o r  t he  l a r g e  pe r i aps i s  
case  the  r e l a t i v e  probe ve loc i ty  i s  minimized so t h a t  any uncer ta in ty  
i n  t he  en t ry  v e l o c i t y  t r a n s l a t e s  i n t o  a  l a r g e r  percentage e r r o r  and 
hence r e s u l t s  i n  increas ing  en t ry  s i t e  d i spers ions .  
Opt ica l  Navigation - I n  order  t o  s imulate  the o r b i t  determination 
u n c e r t a i n t i e s  assoc ia ted  wi th  a n  o p t i c a l  navigat ion sensor ,  we made 
c e r t a i n  s implifying assumptions. The l imi t ing  accuracy i n  any 
o p t i c a l  device be it vidicon o r  CCD is  the  a b i l i t y  t o  accu ra t e ly  
l o c a t e  the center  of Ti tan.  Current pro jec t ions  ind ica t e  t h a t  a n  
accuracy of 1% of the  t a r g e t  r ad ius  i s  possible .  One percent  of 
T i t a n ' s  r ad ius  i s  27 km. Using a  sphe r i ca l  navigat ion uncer ta in ty  
of 27 km (1 (3 ) r e s u l t e d  i n  the  d ispers ions  i l l u s t r a t e d  i n  Table 
A-18. Deflect ion r ad ius  was parameterized a t  5M km, 1OM la and 20M km 
0 
and the  en t ry  angle  and pe r i aps i s  r ad ius  were -60 and 2.8 Rs 
r e spec t ive ly  , 
Table A-19 i l l u s t r a t e s  the comparison between th ree  d i f f e r e n t  l e v e l s  
of naviga t iona l  e r r o r s :  27 km, 250 km and 500 km. A s  expected, t he  
d ispers ions  a r e  about  l i n e a r l y  r e l a t e d  t o  navigat ional  uncer ta in ty .  
The quest ion t o  be answered by t h i s  ana lys i s  i s  whether o r  no t  
o p t i c a l  navigat ion i s  requi red  a t  Ti tan .  Reference t o  Table A-19 
gives a  p a r t i a l  answer. Opt ica l  navigat ion gives an  order of magnitude 
improvement i n  d ispers ions  over the  very b e s t  t h a t  r ad io  guidance can 
TABLE A - 18 Entry Dispersions for Stmula ted Optical Tracking 
DEFL PERUPSIS ENTRY DEFL ENTRY PAA RAKE ANGLE OF ENTRY SITE SPACECRAFT PROBE 
RADIUS RADIUS ANGLE AV DR XR ANGLE ENTRY ENTRY ATPACK DIRECTION 
106 km Re deg mlsec ( 3 6 )  (3CT) ( 3 6 )  ( 3 ~ )  ( 3 4 )  ( 3 4 )  C A CWL 
deg deg la?l deg ( 3 4 )  ( 3 a  deg deg 
de8 deg 
~ a v i ~ a t i o n  u certainty " 27 km(l6)  
TABLE A-19 Entry Dispersions as Functions of Navigation Uncertainty 
NAV DEFL PERIAPS IS ENTRY DEFL ENTRY PAA RANGE ANGLE OF 
UNCERTAINTY RABIUS RADIUS ANGLE AV ANGLE ENTRY ENTRY ATTACK 
( 1 6  ) 10 km s deg mlsec ( 3 c  1 ( 3 6  1 ( 3 6  1 ( 3 6  
deg deg km km 
achieve. I f  the  rad io  guidance can indeed r e s u l t  fn spacecraf t  
unce r t a in t i e s  which approach the underlying ephemeris e r r o r  assump- 
t i ons ,  then the  T i t an  mission i s  probably possible  using r ad io  
t racking  i f  t he  ephemeris uncer ta in ty  is  no more than 500 lan (1 0 ). 
Clear ly  higher  l e v e l s  o f  ephemeris uncer ta in ty  requi re  o p t i c a l  guidance, 
However, previous s t u d i e s  (e.g., JPL con t r ac t  953311) have indicated 
that reduct ion of the con t ro l  unce r t a in t i e s  a t  Saturn t o  the  l e v e l s  
of t he  T i t an  ephemeris uncertainty i s  a n  op t imi s t i c  ob jec t ive .  The 
r e s u l t s  with r e spec t  t o  Sa turn  are  summarized i n  TableA-20, 
The DSN equivalent s t a t i o n  loca t ion  e r r o r s  are = 1.5 meters,  RS 
0 
LONG = 3.0 meters and U = 2.0  meters and the  Saturn ephemeris z 
e r r o r s  a r e  assumed t o  be 750 lan spherical ( I  0 ). Note that even 
with QVLBI t racking,  the con t ro l  uncer ta in ty  with r e spec t  t o  Sa turn  
i s  1100 km. 
TABLE A-20 Navigation Uncertaint ies  a t  
Saturn fo r  DSN Tracking 
rangelrange r a t e  1 2178 x 760 x 40 
PLANET & DATA TYPE 
Saturn 
w i t h  QVLBI 
SMAA SMIA TOF 
X km km x sec 
C. TITAN ENTRY 
1. Atmosphere Def in i t ion  
The atmosphere models used i n  the  a n a l y s i s  presented i n  t h i s  
s ec t ion  a r e  based on a technica l  memorandum by Neil  Divine of JPL. The 
document is  a rev ised  o r  updated version of Divine's,  "Titan Atmosphere 
Models (1973)". The changes pr imari ly  r e f l e c t  a heavier  atmosphere model 
which has a sur face  pressure of 17 mb, 400 mb and 1000 mb f o r  t h e  Thin, 
Nominal and Thick models. The o ther  s i g n i f i c a n t  change i s  the increase  
i n  rad ius  from 2500 km t o  2700 km. For completeness, Tables A-21., A-22 and 
A-23 a r e  reproduct ions of the  th ree  T i t a n  atmospheres: Thick, Nominal and 
Thin. Table A-24 contains  the  compositions of each model atmosphere. 
2. Probe Mission 
Entry and descent  f o r  the  probe mission i s  pr imari ly  determined by 
the atmosphere model, aerodynamic c h a r a c t e r i s t i c s  of the probe, en t ry  
ve loc i ty  and en t ry  angle.  
The Thin and Thick atmospheres previously defined a r e  considered t o  
be the bounding atmospheres, while the Nominal is considered most l i k e l y .  
Science payload primari ly  determines the aerodynamic configurat ion.  De ta i l s  
concerning the  tr ial  mission probe conf igura t ion  a r e  given i n  Appendix B. 
Entry ve loc i ty  was t r ea t ed  parametr ical ly ,  with t h ree  values considered: 
10.4 kmlsec, 7.9 km/sec and 5.8 km/sec. 
Figure A-26 i l l u s t r a t e s  the en t ry  dece l e ra t ion  a s  a func t ion  of time 
fo r  the th ree  model atmospheres and two ent ry  v e l o c i t i e s .  The peak 
dece lera t ions  range from 23 "gs" f o r  en t ry  i n t o  the  Thick atmosphere t o  
7 "gs" f o r  e n t r y  i n t o  the Thin atmosphere. The magnitude of peak decelera-  
t i o n  i s  seen t o  be l i n e a r l y  propor t iona l  t o  e n t r y  ve loc i ty  as i l l u s t r a t e d  
i n  Figure A - 2 6 ,  Figure A-27 shows dece lera t ion  dependences on en t ry  angle. 
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TABLE A - 2 1  Thin Model Atmosphere of Titan 
TABLE A-22 Nominal Model Atmosphere of T i t a n  
L 
R 
(km) 
3309 
3272 
3223 
3188 
3153 
3108 
3075 
3043 
3001 
2971 
2940 
2901 
2873 
2846 
2844 
2810 
2787 
27 67 
2743 
27 27 
2713 
2700 
P 3  (g/cm 
2.1 (-10) 
4.2 (-10) 
1.1 (-9) 
2.1 (-9) 
, 4.2 (-9) 
1.1 (-8) 
2.1 (-8) 
4.2 (-8) 
1.1 (-7) 
2.1 (-7) 
4.2 (-7) 
1.1 (-6) 
P (bars)  
1 
2 lo-' 
5 
1 x 
2 x lo-6 
5 x lo-6 
1 
2 
5 x 10'~ 
1 
2 
5 
T 
(OK) 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
1 
1 . 9  x 
2 x l 0 - ~  
5 x lom3 
1 x lo-2 
2 x 10-~ 
5 x 
1 x 10-I 
2 x 10-I 
4 x loP1 
160 kt: ::::  
159 i 4.3 (-6) 
1 4 1  I 1.2 (-5) 128 2.6 (-5) 
! 
117 i 5.8 (-5) 
103  
94 
86 
78 
1 .6  (-4) 
3.6 (-4) 
7.9 (-4) 
1.7 (-3) 
TABLE A-23 Thick Model Atmosphere of Titan 
R 
(b) 
3213 
3172 
3125 
3080 
3028 
3003 
2997 
f l 3  
(g/cm 
3.0 (-10) 
8.4 (-10) 
6.6 (-9) 
7.2 (-9) 
2.2 (-8) 
3.7 (-8) 
4.2 (-8) 
T 
(OK) 
113 
1 2 1  
132 
142 
154 
160 
160 
r 
5 
1 
1.8 x 
2 
5 
1 
1 . 8  x 
2 
5 
1 x 
1.8 x 
3 x lo-2 
1 x 10-I 
3 x 10-I 
1 x lo0 
i 
P 
(bars) 
1 
3 
1 x lo-6 
3 x 
1 
l . ~  
2 
160 I 
160 
160 
153 
114 
9 1 
7 6 
7 6 
7 6 
7 6 
7 6 
8 1  . 
9 4 
108 
125 
I 
1.1 (-7) 2957 
2.1 (-7) 1 2427 
3.7 (-7) 
4.4 (-7) 
1 .5  (-6) 
3.7 (-6) 
7.8 (-6) 
8.9 (-6) 
2.2 (-5) 
4.5 (-5) 
7.8 (-5) 
1 . 3  (-4) 
3 .6  ( -4 )  
9.4 ( - 4 )  
2.7 (-3) 
2903 
2898 
2866 
2848 
2837 
2834 
2817 
2804 
27 94 
2783 
2758 
2732 
2700 
TABLE A-24 Titan Model Atmosphere Compositions 
Composition CH4 
N2 
"e 
Ratio of S Heats 
P 
Mean Molecular Wt 
Turbopause Radius 
Surface Pressure 
Surf ace Temperature 
Thin 
100% 
0 
o 
1.31 
16 
3673 
17mb 
7 8 
Nominal 
2 % 
60% 
38% 
1.52 
24.7 
3309 
400mb 
78 
Thick 
0 
100% 
0 
1.47 
2 8 
3213 
1 bar 
125 
4
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As expected peak deceleration increases with increasing entry angle. 
The significant probe entry parameters are summarized in Table A-25. Of 
particular interest is the strong dependence of mission duration on model 
atmosphere. As shown, the total mission time varies from 6.2 minutes for 
the thin atmosphere to 74 minutes for the thick atmosphere. 
Table A-25 Probe Entry Analysis Summary 
THIN NOM THICK 
Entry Angle, deg - 60 -60 -60 
Entry Altitude, km 973 609 5 13 
Entry B, ~lugs/ft 2 
Max Deceleration, g's 7 11.3 23. 
Touchdown Velocity, m/sec 114.8 14.8 11.1 
Total Mission Time, min 6.2 42 74 
3.  Penet ra tor  Mission 
For t h e  se l ec t ed  candidate  pene t ra tor  design,  atmospheric en t ry  
a n a l y s i s  was performed for  a l l  three  (i.e., Thick, Nominal and Thin) 
model atmospheres. For these analyses  the i n i t i a l  en t ry  v e l o c i t y  and 
f l i g h t  path ang le  were 5.84 km/sec and -60 degrees,  respec t ive ly .  
I n i t i a l l y  the  penetrator  i s  enclosed i n  a p ro t ec t ive  capsule ,  
which i s  s taged a t  a predetermined a l t i t u d e  f o r  f i n a l  penetrator  descent ,  
The b a l l i s t i c  c o e f f i c i e n t  of the  i n i t i a l  e n t r y  conf igura t ion  i s  62.84 
2 2 kg/m (.4 s l u g s / f t  ), and the b a l l i s t i c  c o e f f i c i e n t  of t he  bare-body 
penet ra tor  , a f t e r  s tag ing ,  i s  13000 kg/m2 (82.75 s l u g s / f t 2 ) .  
Table A-26 summarizes the  r e s u l t s  of these s t u d i e s  and ind ica t e s  t h a t  
even f o r  s tag ing  a t  10 m i l l i b a r s  f reestream pressure i n  a l l  t h ree  atmospheric 
models, the spread i n  impact v e l o c i t i e s  is s t i l l  unacceptably l a rge .  Figure 
A-28 i l l u s t r a t e s  the dece l e ra t ion  time h i s t o r i e s  f o r  the cases  depicted 
i n  Table A-26. Note i n  Figure A-28 t h a t  the  dece lera t ion  time h i s t o r i e s  
a r e  presented only i n  the  region of peak dece lera t ion ,  i n  each case. 
Further  a t tempts  t o  minimize impact ve loc i ty  spread by varying the  
s tag ing  a l t i t u d e  t o  a l t i t u d e s  corresponding t o  ambient pressures  a s  low 
a s  3 m i l l i b a r s  d i d  no t  s i g n i f i c a n t l y  decrease the spread i n  impact 
ve loc i ty .  I n  a l l  such cases  the impact ve loc i ty  f o r  en t ry  i n t o  the  Thin 
atmosphere model was l a rge r  by a t  l e a s t  a f a c t o r  of two than those f o r  
en t ry  i n t o  t h e  Nominal and Thick atmosphere models. 
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The conclusion t o  be in fe r r ed  from these  r e s u l t s  i s  t h a t  no s i n g l e  
pene t ra tor  design would be adequate f o r  en t ry  i n t o  a l l  t h ree  of the 
proposed atmosphere models of Ti tan .  This  implies  t h a t  i f  pene t ra tors  
a r e  t o  be u t i l i z e d  during the  f i r s t  mission t o  Ti tan ,  they would r equ i r e  
some way of adap t ive ly  changing b a l l i s t i c  c o e f f i c i e n t  depending upon t h e  
atmosphere encountered. On the  o ther  hand, i f  more c e r t a i n t y  regarding 
composition and s t r u c t u r e  of  ita an's atmosphere were t o  become ava i l ab l e  
from e a r l i e r  missions involving f lyby  spacec ra f t ,  o r b i t e r s ,  o r  e n t r y  
probes, the u t i l i t y  of a  s ingle-design penet ra tor  f o r  fu tu re  missions 
would be g r e a t l y  enhanced. 
4. Lander 
The e n t r y  por t ion  of t he  lander  t r a j e c t o r y  is  i d e n t i c a l  t o  the  
probe mission. Entry ang le ,  e n t r y  ve loc i ty ,  peak "gs" and dynamic pressure  
a r e  a l l  s imi l a r .  The key d i f f e rence  between the two t r a j e c t o r i e s  i s  the  
design o f  the s t ag ing  event.  Touchdown ve loc i ty  of t he  lander  i s  des i red  
t o  be below 4mIsec while  there  i s  no corresponding requirement f o r  the  
probe mission. A parametric a n a l y s i s  of s tag ing  a l t i t u d e  ind ica ted  t h a t  
2 km was a good value. Again the  l a r g e  v a r i a t i o n s  i n  model atmospheres 
a r e  d i f f i c u l t  t o  accommodate with a s i n g l e  design. A summary of the lander  
en t ry  parameters i s  i l l u s t r a t e d  i n  Table A-27. The f i n a l  b a l l i s t i c  c o e f f i c i e n t  
was designed f o r  a touchdown ve loc i ty  of 3 mlsec i n  t he  nominal atmosphere. 
TABLE A-27 Lander Entry Analysis  Sumnary 
Entry Angle, deg -60 
Entry Al t i t ude ,  km 609 
Entry B,  s l u g s l f t  2 .5 
Fina l  B s l u g s / f t  2 .035 
Max Decelerat ion,  g 11.3 
Staging Al t i t ude ,  km 
Touchdown Velocity,  m/sec 
Tota l  Mission Time, minutes 
Using t h i s  same parachute (B 2 = 5.5 kg/m ) i n  the Thin and 
chute 
Thick atmospheres r e s u l t s  i n  touchdown v e l o c i t i e s  of 23.7 mlsec and 
2.2 m/sec respec t ive ly .  Clear ly  23.7 mlsec i s  no t  acceptable .  One 
p3ss ib le  approach t o  atmosphere accomodation i s  a n  a c t i v e  descent  
system. However, a more reasonable approach is t o  assume t h a t  by 
the  t i m e  the lander mission f l i e s ,  the bounds i n  atmosphere uncer ta in ty  
w i l l  be s u f f i c i e n t l y  reduced t o  accommodate a passive landing system. 
D. SATURN ORBIT INSERTION AND IN-ORBIT MANEWER STMTEGIES 
.An o r b i t  around Saturn provides an opportuni ty f o r  mult iple  en- 
counters of T i t an  e i t h e r  f o r  the  purpose of probe/ lander/penetrator  
@/LIP) deployment o r  t o  support a  P/L/P deployed a t  Saturn encounter. 
The o r b i t  period should be commensurate wi th  Ti tan ' s  and small  enough 
s o  t h a t  encounters occur f requent ly .  Tight  Saturn o r b i t s  can be r ea l i zed  
most e f f i c i e n t l y  by using T i t a n  swingbys t o  "pump downJJ (Ref. A-3) an 
i n i t i a l  capture o r b i t  of la rge  period. The la rge  i n i t i a l  o r b i t  can be 
accomplished wi th  lninimal propulsive b V by a  maneuver performed a t  
per iaps is  on an  approach hyperbola wi th  low pe r i aps i s  a l t i t u d e .  The r e -  
s u l t a n t  low pe r i aps i s  a l t i t u d e  capture o r b i t  maneuver however i s  not  
compatible with a n  e f f i c i e n t  pump maneuver because i t  produces high 
T i t an  r e l a t i v e  v e l o c i t y  magnitudes a t  swingby. Another maneuver is  r e -  
quired ( a t  apoapsis on t h e  loose capture  o r b i t )  t o  increase  the pe r i aps i s  
radius t o  something near    it an's o r b i t a l  radius .  These maneuvers c o n s t i t u t e  
the  Mult iple  Burn I n s e r t i o n  mode. An a l t e r n a t e  i n s e r t i o n  mode u t i l i z e s  a  
T i t an  powered swingby. I n  t h i s  case,  the  approach hyperbola i s  designed 
t o  allow a T i t an  swingby before pe r i aps i s .  By judicious choice of swingby 
o r b i t a l  parameters, t he  required post-swingby v e l o c i t y  vec tor  (correspond- 
i ng  t o  a  prescr ibed Saturn o r b i t  period) can be obtained wi th  minimal r e t r o  
propulsion. Both these  modes a r e  discussed i n  conjunction with two P/L/P 
deployment opt ions:  pre-SO1 and post-SOI. For t he  pre-SO1 case,  the 
approach hyperbola i s  constrained t o  i n t e rcep t  T i t an  and t h e  maneuver 
s t r a t e g y  is  t o  produce a  T i t an  re-encounter. For post-SO1 deployment, t he  
s t r a t e g y  is  t o  f r e e l y  choose the  approach hyperbola which allows i n - o r b i t  
Ti t an  encounter wi th  the  l e a s t  t o t a l  AV expenditure.  
1. Mult iple  Burn I n s e r t i o n  
Figure A - 2 9  shows the AV required t o  i n s e r t  i n t o  Saturn o r b i t  wi th  
a s i n g l e  maneuver a s  a funct ion of pe r i aps i s  rad ius .  Direct  i n s e r t i o n  a t  
l a rge  r a d i i  (near 20 R ) requi res  more than 2 Km/sec even f o r  l a rge  
S 
o r b i t a l  periods (144 days). I n s e r t i o n  a t  3 R beyond Saturns r i ngs ,  
s ' 
requi res  a AV of about .850 ~ m / s e c  f o r  a f i n a l  period of 144 days. A 
l a rge  f i n a l  pe r i aps i s  radius (required f o r  an e f f i c i e n t  pump maneuver) 
may be obtained by a posigrade maneuver a t  apoapsis on the i n i t i a l  
capture o r b i t .  Since the f i n a l  o r b i t  must be commensurate wi th   ita an's, 
the  i n i t i a l  apoapsis a l t i t u d e  is  chosen so  t h a t  a f t e r  the pe r i aps i s  
a d j u s t  maneuver the o r b i t a l  period i s  commensurate. Figure A-30shows 
the t o t a l  AV cos t  assoc ia ted  wi th  i n j e c t i n g  a t  3 Rs and then increas ing  
the pe r i aps i s  radius t o  var ious values.  A t o t a l  AV of 1.450 Km/sec fo r  
ins tance ,  i s  required t o  e s t a b l i s h  an o r b i t  wi th  a per iaps is  radius of 
20 R and period of 144 days. Direct  i n s e r t i o n  i n t o  t h i s  o r b i t ,  on the  
S 
o ther  hand, takes 2.075 ~ m / s e c .  The two maneuver sequence saves .625 
Km/sec - a considerable  amount. 
a .  F ina l  Orbi t  ~ e l e c t i o n I A ~  Cost 
An o r b i t  of 144 day period and 15 R per iaps is  radius can 
s 
be pumped down t o  32 days with a s i n g l e  Ti tan  swingby a t  1000 km a l t i t u d e  ( R e f .  
A - 3 ) .  The post-pump pe r i aps i s  radius i s  12 R , Higher period capture 
s 
o r b i t s  may a l s o  be pumped down t o  32 days but not much add i t i ona l  A V  is  
saved, a s  can be seen from the bunching up of curves f o r  high periods i n  
Fig. A - 3 0  , Pumping t o  16 days is  not poss ib le  with a s i n g l e  pump from 
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an o r b i t  of period g r e a t e r  than 50 days. The 15 Rs X 144 day o r b i t  i s  
a good r ep resen ta t ive  case f o r  comparison with the  T i t a n  powered swingby 
mode t o  be discussed next.  Table A-28 presents  the  capture  maneuver 
v e l o c i t y  change (Av ) , the pe r i aps i s  a d j u s t  v e l o c i t y  change (Av ) CAPT r 
P 
and the  t o t a l  v e l o c i t y  change (AV ) required t o  e s t a b l i s h  the  15 Rs T 
x 144 day Saturn i n  the designated years .  The VHE values f o r  the  15 day 
windows which provide maximum orb i ted  weight a r e  a l s o  shown. 
Table A-28 AV Components & Tota l  AV f o r  15 Rs X 144 Day Orbi t  
VHE 
n v  
CAPT 
1992 6.50 1.190 .436 1.626 
1996 6.48 1.184 .436 1.620 
1998 5.86 1.006 .436 1.442 
The d iscuss ion  thus f a r  has assumed t h a t  the  approach hyperbola, 
the capture o r b i t  and the  f i n a l  o r b i t  (15 R X 144 day) a r e  a l l  co- 
S 
planar  with   it an's o r b i t .  I f  t h i s  were the case,  a T i t an  encounter 
could e a s i l y  be produced on e i t h e r  the approach hyperbola o r  i n  the  
f i n a l  capture o r b i t  by proper t iming of the  Saturn encounter da te .  An 
in-plane approach, however, i s  only poss ib le  i f  the  equa to r i a l  dec l ina t ion  
of the  Saturn r e l a t i v e  hyperbolic excess v e l o c i t y  vec tor  (VHS) i s  zero. 
I n  genera l ,  t he  two c l a s ses  of missions, i . e . ,  pre-SO1 deployment ( i n t e r -  
cept)  followed by i n - o r b i t  re-encounter and post-SO1 deployment ( i n t e r c e p t ) ,  

w i l l  r equ i r e  a d d i t i o n a l  spacec ra f t  maneuvers t o  cause t h e  f i n a l  Saturn 
o r b i t  t o  i n t e r s e c t  Ti tan.  The pre-SO1 i n t e r c e p t i o n  is  accomplished 
merely by choosing an approach hyperbola wi th  any of a  number of 
acceptable  combinations of pe r i aps i s  rad ius  and inc l ina t ion .  A t y p i c a l  
p lo t  of R and i n c l i n a t i o n  f o r  var ious  launch da tes  is  shown i n  Figure 
P 
A-3L The r e l a t i o n s h i p  ind ica ted  i s  t h a t  high i n c l i n a t i o n s  genera l ly  
correspond t o  low pe r i aps i s  r a d i i  and low i n c l i n a t i o n s  t o  high pe r i aps i s  
r a d i i .  
b. Maneuver S t r a t e g i e s  f o r  Post-SO1 Deployment 
When no pre-SO1 i n t e r c e p t i o n  must occur t he  pe r i aps i s  
radius and i n c l i n a t i o n  of the  approach hyperbola may be se l ec t ed  i n -  
dependently. For the mul t ip le  i n s e r t i o n  mode, however, r is  s e t  t o  
P 
3 R s o  t h a t  only i (or 13 ) is ad jus tab le .  Two s t r a t e g i e s  a r e  sug- 
s AIM 
gested f o r  t h i s  c l a s s  of missions. One u t i l i z e s  a plane change maneuver 
t o  produce an equa to r i a l  i n t e r c e p t  o r b i t ,  while  the o the r  produces i n t e r -  
cep t  with no a d d i t i o n a l  maneuver. 
1) I n t e r c e p t  w i th  Plane Change Maneuver 
I f  the  t u r n  angle (T- Tau) of the Saturn approach 
hyperbola i s  l a r g e r  than the  VHS dec l ina t ion ,  then the re  e x i s t s  an 
approach i n c l i n a t i o n  (8 ) f o r  which the  l ine-of-apsides l i e s  i n  t he  AIM 
e q u a t o r i a l  plane. The corresponding B-vector is  achieved a t  the last 
midcourse co r r ec t ion  maneuver before SOI. The r e s u l t a n t  capture o r b i t  
o r i e n t a t i o n  allows f o r  a  plane change maneuver a t  apoapsis where the  
o r b i t a l  ve loc i ty  i s  a t  a  minimum. Table A-29 shows t h e  equa to r i a l  
d e c l i n a t i o n  (&;), hyperbol ic  e c c e n t r i c i t y  (e) ,  t u r n  angle ( ) and 
i n c l i n a t i o n  ( i )  f o r  o r b i t s  wi th  pe r i aps i s  i n  the equator.  
Table A-29 Hyperbolic Approach Parameters with Per iaps is  
i n  Sa turn ' s  Equator 
The plane change maneuver a t  apoapsls dr ives  the  
i n c l i n a t i o n s  i l l u s t r a t e d  i n  Table A-29 t o  zero. This maneuver can be 
in t eg ra t ed  i n  wi th  the  pe r i aps i s  a d j u s t  maneuver of the Mult iple  Burn 
I n s e r t i o n  Mode. Figure A - 3 2  shows how t h e  required b V  is computed: 
Figure A-32 Vector P l o t  
The i n i t i a l  apoapsis ve loc i ty  V r equ i r e s  a magnitude increase  A V  t o  
a a 
r a i s e  pe r i aps i s .  A t  t he  same time, however, i t  must be ro t a t ed  through 
i degrees.  The f i n a l  v e l o c i t y  V i s  obtained by adding AV t o  Va. The 
a 
magnitude of AV i s  computed from the law of cosines.  Table A - 3 0  shows 
the  AV maneuver magnitudes required t o  e s t a b l i s h  the  equa to r i a l  i n t e r -  
cep t  o r b i t  i n  each launch year .  Again, the  f i n a l  o r b i t s  a r e  15 R x 
S 
144 days. Comparing Table A-30 with  Table A-28 shows t h a t  an average 
of 3 m / s  i s  spent  per  degree of plane change. 
Table A-30 Summary of AV's t o  Es t ab l i sh  
Equator ia l  I n t e r c e p t  Orbi t s  
AV 
CAPT 
YEAR (~m/Sec) 
2) In t e rcep t  with No Addit ional  Maneuver 
Table A-31 shows o r b i t a l  parameters f o r  15 R X 144 
S 
day e l l i p s e s  which i n t e r s e c t  T i t a n ' s  o r b i t .  The parameter 8 i s  the  
t rue  anomaly of t h e  i n t e r s e c t  po in t .  The hyperbolic t u r n  angle /ZI was 
computed f o r  a  pe r i aps i s  radius of 3 R . The approach hyperbola i n -  
s 
c l i n a t i o n s  shown (i ) guarantee T i t an  o r b i t a l  i n t e r s e c t i o n  a f t e r  the  h 
3 R per iaps is  has been r a i sed  t o  15 R . Again, t iming of the  encounter 
s S 
can be adjusted so  t h a t  T i t an  a r r i v e s  a t  the i n t e r s e c t i o n  point  a t  the  
same time the  S/C does. This i n t e r c e p t  s t r a t e g y  works best when the  
VHS dec l ina t ion  ( 6 ) i s  small ,  i. e. ,  more e f f i c i e n t  o r b i t a l  pumping 
i s  poss ib le .  Note t h a t  t he  " in te rcept  i nc l ina t ions"  a r e  a l l  near ly  
equal  t o  the VHS dec l ina t ions .  This is  because 0 + 2 i s  near  90'. 
Table A-31 Parameters f o r  Saturn E l l i p s e s  
(15 Rs x 144 days) Which I n t e r s e c t    it an's Orbi t  
YEAR S e VHE T i h 
1983 -4.16 68.3 5.31 28.1 4-19' 
1985 -14.81 68.3 5.30 28.0 14. go 
1988 -21.90 68.3 5.88 30.7 2 2 . 2 O  
1992 -14.34 68.3 6.50 33.5 1 4 . 7 ~  
1996 -6.83 68.3 6.48 33.4 7.0' 
1998 4.02 6 8 . 3  5.86 30.6 4.1° 
This  i n t e r c e p t  concept appears t o  be  more d e s i r a b l e  
than the  previous one s ince  i t  achieves e s s e n t i a l l y  the  same f i n a l  
o r b i t  without: the plane change component. 
c. Maneuver S t r a t e g i e s  f o r  Pre-SO1 Deployment and Post-  
SO1 Re-encounter 
The o r b i t a l  c h a r a c t e r i s t i c s  of approach hyperbola 
which i n t e r s e c t  Ti tan  before pe r i aps i s  passage with r = 3 R a r e  
Ph S 
shown i n  T a b l e  A-32. For a given r only one o r b i t  o r i en t a t ion  
Ph 
(specif ied by i n c l i n a t i o n  and argument of pe r i aps i s ,  w) produces i n t e r -  
cep t .  Figure A - 3 1 i l l u s t r a t e s  t he  r vs  i r e l a t i o n s h i p  f o r  each launch 
P 
year .  The inc l ina t ions  f o r  t he  3 Rs hyperbola depend s o l e l y  on the  VHS 
decl ina t ion ,  with higher dec l ina t ions  producing bigger i nc l ina t ions .  The 
i n i t i a l  i n se r t ed  o r b i t  period (or apoapsis radius)depends on the  p a r t i -  
c u l a r  post-SO1 re-encounter s t r a t egy .  Three of these a r e  discussed.  
1) In t e rcep t  with a Pe r i aps i s  Adjust Maneuver 
Once the  loose capture o r b i t  has been achieved 
(with r = 3 R ) it  is  poss ib le  t o  produce a T i t a n  I n t e r c e p t  by merely 
P S 
increas ing  the  pe r i aps i s  rad ius .  This i s  accomplished with a maneuver 
a t  apoapsis on the  capture  o r b i t .  Table A-32 shows t h e  required e l l i p t i -  
c a l  pe r i aps i s  rad ius  ( r  ), maneuver s i z e  (AV ) and t o t a l  AV including 
P e AP 
o r b i t a l  capture (OVT)* The r is f o r  a 144 day o r b i t .  The corresponding 
PE 
apoapsis rad ius  determines the  in se r t ed  o r b i t a l  period. 
The disadvantage of t h i s  technique i s  t h a t  the low r 
P 
in t e rcep t  o r b i t  i s  very  hard t o  pump down. The following i n t e r c e p t  
s t r a t e g y  a l s o  leads t o  the  same s o r t  of s i t u a t i o n .  
2) In t e rcep t  by Apsidal Rotat ion 
The capture  o r b i t  l i n e  of apsides may be r o t a t e d  during 
S O 1  s o  t h a t  the  f i n a l  3 R x 144 day o r b i t  i n t e r s e c t s  t h e  T i t a n  o r b i t .  
s  
The required number of degrees,  AV cos t ldegree  and t o t a l  cos t  a r e  pre- 
sented i n  Figure A-33as a func t ion  of r ( for  a 1985 opportunity).  
Ph 
Note t h a t  the  cos t  a t  low r is  very  h igho  A t  l a rge  r the  cos t  goes 
P P 
down but the  capture  AV then becomes p roh ib i t i ve  ( i n s e r t i o n  AV a t  10 RS 
i s  1.5 ~rn/sec).  Apsidal r o t a t i o n  during S O 1  does not  appear t o  be com- 
p e t i t i v e ,  Rotat ion may a l s o  be accomplished once the  Saturn o r b i t  i s  
closed. Table A-33 shows the  t o t a l  c o s t  f o r  an i n - o r b i t  r o t a t i o n  pro- 
duced by a maneuver a t  apoapsis .  (The apoapsis v e l o c i t y  on the  3 R x 
S 
144 day o r b i t  i s  .351 Krnlsec.) 
3) In t e rcep t  by Apoapsis Plane Change 
The 15 R x 144 day o r b i t  has an apoapsis radius of 
s 
162.4 Rs. For t h i s  s t r a t e g y  the apoapsis radius of the  i n i t i a l  cap ture  
o r b i t  is s e t  t o  162.4 Rs ( the  pe r i aps i s  radius is s t i l l  3 R ) . Table A-34 
S 
shows the  i n c l i n a t i o n  of t he  approach hyperbola ( i  ) and the corresponding 
F 
i n c l i n a t i o n  of the 15 R x 144 day e l l i p s e  ( i  ) required t o  produce a 
s E 
T i t an  i n t e r c e p t  a t  t r u e  anomaly 8 = 68.3'. The i is  mainly derived from E 
the  dec l ina t ion  of the  hyperbolic pe r i aps i s  vec tor .  The 
i n c l i n a t i o n  change A i  can be accomplished by a plane change maneuver a t  
apoapsis on t h e  i n i t i a l  capture o r b i t .  Af te r  t he  plane change the  r i s  
P 
r a i s ed  t o  15 R . The angle A p  i s  the  amount of r o t a t i o n  about t h e  
S 
pe r i aps i s  d i r e c t i o n .  The t o t a l  apoapsis maneuver magnitude ( AV ) i s  AP 
l a r g e r  than the  pe r i aps i s  r a i s e  component (.436) by the  amount V XS' This 
s t r a t e g y  produces in t e rcep t  with very l i t t l e  AV expenditure,  The only 
drawback t o  t h i s  technique is  t h a t  i n  1985, 1988 and 1992 r e l a t i v e l y  l a rge  
f i n a l  o r b i t  i n c l i n a t i o n s  w i l l  degrade the  o r b i t a l  pump ef f ic iency .  
Table A-32 O r b i t a l  Parameters f o r  Pre-SO1 T i t an  Encounter 
Periapsis  Radius (R ) 
P 
Fig .  A - 3 3  Required Apsidal Rotation During SO1 , bV Cost/Deg and 
Total &V Cost vs Per iaps i s  

Table A-33 I n t e r c e p t  by In-Orbit  Rotat ion of t he  Line-of-Apsides 
YEAR Qh E P  s a T~~ A v ~ ~  8 ( r  =3R ) 
1983 -127 -8  -138.1 LO. 3' ,063 
1985 -127.9 -138.1 10. 2O .062 
1988 -126.4 -138.1 1 1 . 7 ~  -072 
1992 - 124.9 -138.1 13.2' . .081 
1996 -124.9 -138.1 1 3 . 2 ~  .081 
1998 -126.5 -138.1 11 .6~ .071 
2. Powered Swingby I n s e r t i o n  
Sa turn  o r b i t  i n s e r t i o n  a t  l a rge  pe r i aps i s  r a d i i  may be accomplished 
wi th  the  powered swingby maneuver. This  i s  a propulsive 6 V  maneuver 
performed near  pe r i aps i s  passage on a  T i t a n  r e l a t i v e  hyperbola. Reducing 
the v e l o c i t y  magnitude wi th in    it an's sphere of in f luence  a i d s  t he  n a t u r a l  
bending of the v e l o c i t y  vec tor  by T i t a n ' s  g r a v i t a t i o n a l  f i e l d .  By care-  
f u l l y  choosing the  Saturn approach hyperbola and the  d i r e c t i o n  and shape 
of t he  T i t an  f lyby t r a j e c t o r y ,  i t  i s  poss ib le  t o  bend the  T i t an  r e l a t i v e  
spacec ra f t  ve loc i ty  vec tor  i n  such a  way a s  t o  have the  post  f lyby 
ve loc i ty  r e l a t i v e  t o  Sa turn  correspond t o  a Sa turn  o r b i t  wi th  des i r ed  
period. 
Figure A-34 i l l u s t r a t e s  the  swingby geometry f o r  the "FRf"ype of 
t r ans fe r  (Ref. A-4), This t r a n s f e r  i s  accomplished by a  pre-per i a p s i s  
maneuver which places the  spacecraf t  on an outgoing hyperbola which grazes 
Ti tan  a t  the minimum allowed d is tance  of c l o s e s t  approach. It i s  usua l ly  
optimal f o r  powered in se r t i ons  where the magnitude of V W ~  i s  l e s s  than V, 
and when the required t u r n  angle A1 i s  l a r g e r  than the  t u r n  angle ava i l ab l e  
with a per iaps is - to-per iaps is  t r a n s f e r .  (The l a t t e r  i s  the so-ca l led  
"optimal devia t ion  t r ans fe r "  angle).  

I n  the f igu re  t h e  outgoing hyperbola wi th  pe r i aps i s  p is 2 
'"razing'' a t  the  minimum allowable rad ius  R 
mine The incoming hyperbola 
has pe r i aps i s  rad ius  r The t r a n s f e r  occurs a t  t r u e  anomaly f on the  
Pt 2 
outgoing hyperbola. Note t h a t  Vml is r o t a t e d  by the  angle A and is  1 
reduced t o  Vm2; a s  a r e s u l t  of t he  powered swingby maneuvernv SB' 
a. F i n a l  Orbi t  Se lec t ion /AV Cost 
The f i n a l  o r b i t  per iod was again se l ec t ed  t o  be 144 days. 
The s i n g l e  impulse powered swingby algori thm of Ref. A-4 was used t o  
compute minimum powered swingby AV maneuvers f o r  T i t an  in t e rcep t  hyper 
bolae corresponding t o  d i f f e r e n t  Saturn a r r i v a l  times. The Saturn r e -  
l a t i v e  hyperbola which allowed the  smallestAV f o r  each year was noted. S B 
These a r e  shown i n  Table A - 3 5 .  The AV savings is computed r e l a t i v e  t o  
@,v cos t  f o r  d i r e c t  i n s e r t i o n  a t  the  h igh  pe r i aps i s  radius.  The 
maneuver A v ' s  f o r  a l l  years  except 1992 and 1996 compare favorably wi th  
the Mult iple  Burn I n s e r t i o n  Mode. High V S ' s  f o r  these  two years degrade 
the powered swingby performance more than the mul t ip le  burn performance. 
b. In t e rcep t  wi th  Pre-SO1 Deployment & Post-SO1 Re-Encounter 
Pre-SO1 deployment is  a n a t u r a l  with powered swingby i n -  
s e r t i o n  s ince  both requi re  a T i t an  in t e rcep t  before Saturn encounter. 
It must be shown however, t h a t  an acceptable  probelbus communication 
l i n k  can be made compatible with the des i red  T i t an  f lyby a l t i t u d e  (1000 b). 
Since the post-swingby o r b i t a l  period i s  commensurate wi th  T i t a n l s , t h e  
re-encounter w i l l  occur exac t ly  144 days l a t e r ,  Since o r b i t a l  i n c l i n a t i o n s  
a r e  low, a pump maneuver i n  conjunction wi th  the  re-encounter w i l l  be very 
e f f i c i e n t .  A s i n g l e  f lyby can reduce the o r b i t a l  period from 144 days t o  
32 days. 
W
.. 
m
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c . Conc l u s  ions 
The sma l l e s t  AV'S f o r  Sa turn  o r b i t  i n s e r t i o n  i n  1983 and 1985 (1.277 
and 1.267 km/sec r e spec t ive ly )  a r e  obtained wi th  the  powered swingby (PSBY) 
mode. (Compare Tables A-36 and A-29). This mode should be used whether 
deployment is pre  o r  post-SOI. T i t an  re-enounter is  guaranteed by the  144 
day commensurate capture  period (CCP) which can  be pumped down t o  32 days 
wi th  a s i n g l e  swingby. 
I n  the  remaining years  (1988, 1992, 1996, and 1998) i n s e r t i o n  and 
re-encounter,  f o r  the post-SO1 deployment case,  is b e s t  accompligrh-ed by the  
Mu1 t i p l e  Burn I n s e r t i o n  (MB) mode. Re-encounter is guaranteed by appropr ia te  
choice of Saturn approach i n c l i n a t i o n  ( ih)  a s  shown i n  Table A-37,The t o t a l  
AV cos t  i s  per  Table A-28- Low o r b i t a l  i n c l i n a t i o n s  w i l l  guarantee 
good o r b i t a l  pumping capab i l i t y .  For pre-SO1 deployment i n  1996 and 
1998 the  Mult iple  Bum I n s e r t i o n  mode coupled wi th  the  Apoapsis Plane 
Change (APC) In t e rcep t  method (Table A-34) should be used. To ta l  AV 
cos t  is 1.622 Km/sec and 1.443 Krn/sec respec t ive ly .  The l a rge  i n c l i -  
nat ions assoc ia ted  with the  i n t e r c e p t  hyperbolas i n  1988 and 1992 
(Table A-34 )  preclude the  use of t he  Mult iple  B u m  I n s e r t i o n  Mode wi th  
pre-SO1 deployment. The powered swingby mode must be used - even though 
AV's  a r e  large.  This r e s u l t s  from the  requirement t h a t  t he  144 day 
capture  o r b i t  per iod be capable of being pumped down t o  32 days i n  a 
s i n g l e  f lyby.  Table A-37 summarizes these  conclusions. 
Table A-36 Summary of Maneuver S t r a t e g i e s  & Tota l  AV Expenditures 
3 .  Orbi t  Determination Requirements f o r  a T i t an  Swingby 
For maximum u t i l i z a t i o n  of the graviey f i e l d  of Ti tan  during powered 
swingby, t he  c l o s e s t  approach radios should be small. A c lose  approach 
t o  T i t an  is a l s o  .desirable .  f o r  probe, pene t ra tor  o r  lander  missions. 
There a r e  c e r t a i n  unavoidable o r b i t  determinat ion e r r o r s  assoc ia ted  with 
t h e  spacec ra f t  t r a j e c t o r y ,  Clear ly ,  l a rge  o r b i t  determinat ion e r r o r s  
w i l l  r e s t r i c t  the c l o s e s t  approach radius.  Addi t iona l ly ,  the planetary 
quarant ine requirement assoc ia ted  wi th  T i t a n  missions ind ica t e s  a mini- 
mum probab i l i t y  of contamination. For an u n s t e r i l i z e d  spacecraf t  the  
p robab i l i t y  of contamination is  i d e n t i c a l  wi th  the  p robab i l i t y  of impact. 
- 
A r e l a t i o n s h i p  e x i s t s  between p robab i l i t y  of impact, T i t an  f lyby  rad ius ,  
and t h e  spacec ra f t  o r b i t  determinat ion e r r o r s .  This  s ec t ion  para- 
me t r i ca l ly  addresses t h i s  r e l a t i onsh ip ,  and is  used a s  a guide i n  
determLning the  smal les t  permissible  f lyby  d is tance .  
The p robab i l i t y  of impacting T i t an  during hyperbolic approach is a 
funct ion of t h e  rad ius  of c l o s e s t  approach ( r  ), t he  o r b i t a l  i n c l i n a t i o n  P 
and the  s i z e  ( CB) and o r i e n t a t i o n  of t he  de l ive ry  e l l i p s e  i n  t h e  B-plane. 
Figure A-35 i l l u s t r a t e s  the approach geometry. For t he  preliminary com- 
putat ions presented he re ,  where i t  i s  only des i red  t o  ge t  a f e e l  f o r  t he  
impact p robab i l i t y  f o r  d i f f e r e n t  r and rB, the  8-plane d i s t r i b u t i o n  
P 
was represented by a dens i ty  func t ion  wi th  c i r c u l a r  contours of constant  
p robab i l i t y  dens i ty .  (The 1 6  radius being rB.) With t h i s  assumption 
the  impact p robab i l i t y  i s  a l s o  independent of o r b i t a l  i nc l ina t ion .  The 
impact rad ius ,  BI, about T i t an  i s  computed from 
BI = ,/%(%+2a) where 
i t y  
Figure A-35 Ti t an  B-Plane Geometry 
% i s  the rad ius  of T i t an  (2700 krn) and a is  the  hyperbol ic  semi-major 
ax i s  (= 575.2 km i n  t h i s  study f o r  a VHP = 4 kmjsec). Any t r a j e c t o r y  
with corresponding B vec tor  magnitude l e s s  than B w i l l  impact the I 
s a t e l l i t e .  I n  general  the  magnitude of the B vec tor  i s  
0 
I~?,I = 1- with 
r = % + h where h i s  the  pe r i aps i s  a l t i t u d e  of t he  approach 
P P P 
a 
hyperbola. I n  t he  f igu re  the  a c t u a l  B v e c t o r ,  BA, i s  expressed as 
-* -B -f 3 -t 
BA = B + &B wi th  Bo being the nominal vec tor  and &B the normally 
0 
dispersed per turba t ion .  P r o b a b i l i t i e s  were computed by i n t e g r a t i n g  the 
c i r c u l a r  d i s t r i b u t i o n ,  charac te r ized  by FB and located a t  B (a func t ion  
0 
of h ), over t he  c i r c u l a r  impact zone of radius B Resu1,ts a r e  shown 
P I" 
i n  Table A-37 f o r  a range of %S from 50 km t o  5000 km and h s from 
P 
500 km t o  4000 km. The quoted p r o b a b i l i t i e s  a r e  numerically accurate  
7 t o  one p a r t  i n  10 . Any p robab i l i t y  computed smal le r  than  1 x w a s  
assumed zero. Note t h a t  a OB of 50 km o r  l e s s ,  obtainable  only with 
an  onboard o p t i c a l  sensor ,  corresponds t o  a  zero impact p robab i l i t y  f o r  
a l l h  values.  For a  CB of 500 km, the  most op t imi s t i c  es t imate  f o r  
P  
rad io  only t racking ,  t he  c l o s e s t  approach a l t i t u d e  would have t o  be 
backed o f f  t o  3000 km t o  s a t i s f y  a requirement t h a t  the impact p robab i l i t y  
be l e s s  than 1 x The 5000 km CB y ie lds  l a rge  p r o b a b i l i t i e s  f o r  a l l  
h 1s considered. Table A-37 r e s u l t s  a r e  graphica l ly  i l l u s t r a t e d  i n  Figure 
P 
A - 3 6 .  Here p robab i l i t y  i s  p lo t t ed  vs  h f o r  contours of 
P  
Table A - 3 7  T i t a n  Impact P r o b a b i l i t i e s  - Dependence on h  and EB (VHP = 5.0) 
P  
T i t a n  Closest  Approach Al t i tude  (h ) 
P 
500 1000 2000 3000 4000 
constant  EB. Contours of constant  p robab i l i t y  a r e  somewhat more i n t e r e s t i n g  
and a r e  presented i n  Figure A - 3 7 .  These curves def ine  the  bB, h  r e l a t i o n -  
P 
s h i p  required t o  s a t i s f y  a  p a r t i c u l a r  l e v e l  of impact probabi l i ty .  For 
example, t o  obta in  an impact p robab i l i t y  of 1 p a r t  i n  lo5 o r  l e s s  wi th  an 
r 
Fig. A-36 T l t a u  Impact Pzobablllties - Constmt uB C0ntov.8 
Fig. A-37 Allowable ug vs h fo r  Various Impact Probability Levels P 
h of 1000 km requi res  t h a t  (Tg be l e s s  than 240 km. With h  = 2000 k m  
P  P  
rB can grow t o  430 km. Per i aps i s  a l t i t u d e s  i n  the  range 500 t o  3000 km 
a r e  being considered f o r  T i t an  powered swingby t r a j e c t o r i e s  which r e s u l t  
i n  Saturn o r b i t  i n s e r t i o n .  The c lose r  the  passage i s  t o  T i t an  the  more 
e f f e c t i v e  w i l l  n it an's g rav i ty  f i e l d  be f o r  bending the t r a j e c t o r y  and 
producing the  des i red  v e l o c i t y  change. Figure A-38 i l l u s t r a t e s  t he  h  
P 
dependence of the maximum e f f e c t i v e  AV obtainable  with a  f r e e  s a t e l l i t e  
swingby. For t y p i c a l  T i t a n  r e l a t i v e  velocities i n  t h e  4 t o  5 km/s range, 
doubling the h  from 1000 km t o  2000 km, reduces the maximum obtainable  
P 
AV by 20%. Increas ing  h  t o  3000 km c u t s  the AV from 1.14 km/s t o  .76 
P  
km/s, a drop which e f f e c t i v e l y  e l imina tes  the  usefulness  of the technique. 
Figure A-36 a l s o  shows t h a t  a  powered swingby wi th  h = 2125 km and O;j = 500 
F 
km ( rad io .only  t racking)  might be compatible wi th  an impact p robab i l i t y  of 
L 
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APPENDIX B 
PRELIMINARY SYSTEMS DESIGN FOR TITAN EXPLORATION 
To e s t a b l i s h  a poin t  of departure from which t o  develop advanced 
technology and mission planning options f o r  Ti tan  explorat ion,  a number 
of " t r i a l  mission'' system and subsystem designs were generated. These 
designs include examples of e n t r y  probes, sur face  penet ra tors  and s o f t  
landers.  The design concepts fo r  these t r i a l  systems a r e  based on 
e x i s t i n g  designs with modif icat ion t o  account fo r  Ti tan-pecul ia r  requi re -  
ments. The r e s u l t s  t he re fo re  r e f l e c t  cu r r en t  or near term s ta te -of - the-  
a r t  technology. 
An eva lua t ion  of the  degree t o  which these  systems accomplish the  
s c i e n t i f i c  ob jec t ives  r evea l s  some shortcomings which, i n  conjunct ion 
with problems of an engineering na ture  s t e m i n g  from the  u n c e r t a i n t i e s  
i n  T i t an  condit ions,  serve a s  s t i m u l i  f o r  the  development of more 
advanced approaches and techniques. These a r e  discussed i n  Chapter 111. 
The following paragraphs conta in  the descr ip t ions  of the  "conventional" 
t r i a l  sys  tem designs . 
A .  TRIAL MISSION ATMOSPHERIC ENTRY PROBE 
The science payload se l ec t ed  fo r  the  probe i s  given i n  Table B-1 
along wi th  estimated mass and power requirements. The r a t i o n a l e  f o r  
t h i s  instrument complement i s  discussed i n  Chapter 11. Since t h e  
science instruments a r e  qu i t e  s imi l a r  t o  those i d e n t i f i e d  f o r  t he  J u p i t e r  
e n t r y  probe, t he  low en t ry  angle,  10 bar  probe of Reference B-1,  t h a t  de- 
s ign  was used a s  the  b a s i s  f o r  t he  T i t a n  t r i a l  mission probe design. The 
mission p r o f i l e  and system c h a r a c t e r i s t i c s  a r e  summarized i n  Figure B-1. 
Deta i l s  of the design a r e  contained i n  the next two sec t ions .  
1. Mission P r o f i l e  
a. In te rp lane tary  Tra jec tory  - The t r i a l  mission probe/space- 
c r a f t  combination can be launched from Ear th  on the  Shu t t l e  launch 
vehic le  system during any launch opportuni ty i n  t he  period of i n t e r e s t ,  
1980-1998, provided a 300 kg weight-class spacec ra f t  (Pioneer) is  
TABLE B - 1  T i t a n  Atmospheric Probe Sc ience  Payload 
INSTRUMENT CHARACTERISTICS MASS POWER 
(Kg) (Watts)  
Organic rvIS 
GC 
UV Photometer 
Accelerometer  
T, P Transducers  
I 1 Irnpac t Transducer 
50-250 AMU, 1 rneas /scale  h t .  5 .0  5 . 0  
1-3 a n a l y s e s ,  u p  t o  3-carbon 3 . 0  warrnup 20.0 
S o l a r  p o i n t i n g ,  220, 260, 280y bands 2.5 oper .  8 .O 
E n t r y  1 . 5  - 
3 meas/scale  h t .  1 .5  0 .5  
S u r f a c e  l o c a t i o n ,  p e n e t r a b i l i t y  1 .0  - 
Expanded Organic  Ana lys i s  a 
IR Radiometer 
V i s i b l e  L i g h t  Monitor 
19.0 warrnup 40.5 
oper .  28.5 
IR Balance 
S o l a r  P o i n t i n g  
Nephelome t e r  Pioneer  Venus 
Cloud P a r t i c l e  S i z e  Analyzer  P ioneer  Venus 
Ion  MS Ionosphere  Meas. 
RPA o r  Plasma Probes Charged p a r t i c l e s  i n  ionosphere  
X-ray F luorescence  Sprect rorneter  P, S ,  C 1 ,  Ar D e t e c t i o n  
*The fo l lowing  ins t ruments  a r e  o p t i o n a l  
Separate from Max g 
t = 90 sec . , ------ 
h = 179 km 
Decel = 11.3 gE 
Store Entry Data h = 594 krn 
B = 78.5 kg/m2 
Spacecraft 
____4 
t = -5.2 days 
'AV 52 mis 
VE 5.84 kmls 
/ Activate Deployable Science I Science - rtu re 
Fig. B-1 Typical Titan Atmopsheric Probe Mission in Nominal Atm 
se lec ted .  For a  1985 launch, a  throw weight of 850 kg i s  requi red  
and the  S h u t t l e / I ~ S  can de l ive r  920 kg (C3 = 113 km2/sec2). The 
corresponding f l i g h t  time is 5.7 years.  With the  ~ h u t t l e l ~ u g  combina- 
t i o n  which has about twice the  payload capab i l i t y ,  the opt ions e x i s t  t o  
e i t h e r  increase  t h e  in j ec t ed  weight payload (1500 kg) f o r  the  5-7 year  
f l i g h t  time o r  reduce both in j ec t ed  weight and f l i g h t  time. The d i s -  
advantage of reducing f l i g h t  time is the  corresponding increase  i n  
approach v e l o c i t y  (VHP) and i n s e r t i o n  Av. For the  t r i a l  mission t h e  
5.7 year f l i g h t  time i s  basel ined.  
b. T i t an  Approach Tra jec tory  - The T i t an  approach t r a j e c t o r y  
f o r  t he  probe t r i a l  mission design r e s u l t e d  from the  t rade-of fs  and 
parametric s t u d i e s  discussed i n  Appendix A .  The approach t r a j e c t o r y  i s  
ta rge ted  t o  a  Saturn p e r i a p s i s  r ad ius  of 18R,, The i n c l i n a t i o n  of the  
approach hyperbola i s  s e l ec t ed  so t h a t  t h e  incoming t r a j e c t o r y  c ros ses  
t h a t  plane of T i t an  a t  the r ad ius  of Titan. The alignment of the space- 
c r a f t  r e l a t i v e  t o  T i t an  i s  e s s e n t i a l  both t o  e f f e c t  a  probe encounter 
wi th  T i t an  and t o  use the  g r a v i t y  f i e l d  of T i t an  t o  reduce t h e  o r b i t  
i n s e r t  ion AV. 
The probelspacecraf t  combination i s  ta rge ted  t o  a  c l o s e s t  
approach a l t i t u d e  r e l a t i v e  t o  T i t an  of 1000 km. A t  5 x 1 0 ~  km or  5.2 days 
from Ti tan ,  t he  spacec ra f t  o r i e n t s  and r e l eases  the probe. The probe 
then performs aAVmaneuver which acquires  the des i red  en t ry  loca t ion .  
The probe does not have an a c t i v e  a t t i t u d e  c o n t r o l  system and e n t e r s  
 ita an's atmosphere a t  the  same a t t i t u d e  requi red  t o  acquire  the des i red  
e n t r y  s i t e .  For a l l  missions s tudied  the r e s u l t a n t  angle  of a t t a c k  is  
l e s s  than 25O. 
Af te r  the spacec ra f t  deploys the probe a  smallAVis requi red  t o  
a d j u s t  the phasing between the  spacec ra f t  and the  probe a t  entry.  Range 
from the  probe t o  the  spacecraf t  i s  never more than 30K km and the 
c r i t i c a l  spacec ra f t  and probe aspec t  angles  a r e  wi th in  to l e rab le  ranges. 
Af te r  completion of t he  probe mission, which nominally l a s t s  
43 minutes, the  spacecraf t  t s  o r ien ted  and a h v i n i t i a t e d  t o  produce 
the powered T i t an  swingby t h a t  r e s u l t s  i n  a 144 day o r b i t  about Saturn. 
c .  Entry and Descent Analysis - The c r i t i c a l  en t ry  and descent 
por t ion  of the probe mission begins a t  the turbopause ( 1 0 - ~ b a r s ) ,  
cont inues through peak dece l e ra t ion  and terminates  a t  touchdown-43 
minutes l a t e r .  The -60° e n t r y  angle was se l ec t ed  as a compromise 
between reduced d ispers ions ,  maximum en t ry  environment, wi th  t he  
dominate d r ive r  being skipout .  The sk ipout  angle f o r  en t ry  i n t o  the  
nominal atmosphere i s  -20°. Reasonable, 500 km ( l a ) ,  navigat ion uncer- 
t a i n t i e s  r e s u l t  i n  an en t ry  angle d ispers ion  of f 36' ( 3 0 ) ;  t he re fo re  t o  
reduce the  p o s s i b i l i t y  of skipout  r equ i r e s  an  en t ry  angle of a t  l e a s t  
-600. 
s he descent por t ion  of the mission begins when the  probe reaches 
terminal  ve loc i ty -  202 seconds a f t e r  entry.  The ve loc i ty  of t h e  prohe a t  
t h i s  po in t  i s  e n t i r e l y  a funct ion of the atmospheric dens i ty ,  and bal- 
l i s t i c  c o e f f i c i e n t .  
d. Navigation and Dispersions - Navigation was performed by 
r a d i o  t racking  from Earth.  The nominal mission design assumes a T i t an  
ephemeris uncer ta in ty  of 500 km (lo). The r e s u l t i n g  en t ry  d ispers ions  
a r e  i l l u s t r a t e d  i n  Table B-2. 
Table B-2 Entry Dispersions 
While these d ispers ions  a r e  l a rge ,  they do not  preclude the  execution 
of a v i ab le  probe mission. For higher l e v e l s  of ephemeris uncer ta in ty ,  
however, r ad io  t racking would no longer be adaquate and would have t o  
be supplemented with o p t i c a l  navigation. 
2. Design 
a. Configuration and Mechanical Subsystems - The blunted cone 
forebody and hemispherically domed af terbody conf igura t ion  se l ec t ed  
f o r  the t r i a l  mission design i s  shown i n  Figure B-2. The sc ience  
instruments a s  we l l  a s  t h e i r  subsystem support equipment a r e  mounted 
d i r e c t l y  t o  the ae roshe l l  s t i f f e n i n g  frames t o  a s s i s t  i n  maintaining 
a  c.g. forward of the aeroshell/basecover i n t e r s e c t i o n  and a l s o  t o  
minimize the amount of i n s t a l l a t i o n  hardware required.  Since i t  is 
des i r ab l e  fo r  the gas chromatograph, mass spectrometer,  and pressure  
sensor a l l  t o  obta in  samples from the s tagnat ion  point ,  a  s i n g l e  sampler 
i s  provided which i s  manifolded t o  each of these instruments. The 
sampler a l s o  provides a  mount f o r  the accelerometer instrument which i s  
located a t  t he  probe c.g. A segmented to ro ida l  packaging scheme was 
used for  the remainder of the components. This arrangement i s  shown 
i n  the photograph of Figure B-3. With t h i s  configurat ion,  access t o  
one component i s  not dependent upon the removal of any other  piece of 
equipment. The four  elements of the toro id  a r e  the gas chromatograph, 
mass spectrometer,  e l e c t r i c a l / e l e c  t ron ic s  module, and the da ta  handling 
module. The packaging e f f i c i ency  of the  probe is  improved wi th  t h i s  
modular concept over t h a t  of the Reference B - 1  probe i n  t h a t  ind iv idua l  
components of a  subsystem may be mounted uncased and hardwired in s ide  
the t o r o i d a l  container  as  opposed t o  mounting each one individual ly.  
Other d i f fe rences  between t h i s  probe'and the Reference B - 1  
ou ter  p l a n e t s / ~ u p i t e r  probe design a re  a  l i g h t e r  weight hea t  s h i e l d  and 
the incorporat ion of an o r b i t  de f l ec t ion  motor. Thermal con t ro l  pro- 
v i s ions  can be s imi l a r  t o  t he  re ference  probe. 
The en t ry  hea t ing  predic t ions  for  the nominal Ti tan  atmospheric 
model a r e  shown i n  Figure B-4 f o r  the law-re la t ive-ve loc i ty  e n t r i e s  of 
the powered swingby m i s s  ions (VE = 5.8 km/sec) . The peak value of about 
2 2 2 5 0  wa.tts/cm (0.5 mw/m ) on the cone compares t o  about 20 w/cm f o r  Viking 
' 7 5  Mars e n t r i e s  and 40,000 watts/cmZ f o r  the proposed low en t ry  angle  
Fig.  3-2 Titan Entry Probe - Trial Mission Configuration - Nominal Atmosphere 


J u p i t e r  e n t r i e s .  For T i t an ,  t h e  h e a t  input  is  e n t i r e l y  convective. 
Due t o  these  moderate hea t ing  r a t e s ,  the T i t a n  h e a t  s h i e l d  
design can be much l i g h t e r  than the  ou te r  p lane ts  e n t r y  probe designs.  
If the  dense r e l a t i v e l y  high conduct iv i ty  carbon phenolic hea t  s h i e l d  
ma te r i a l  planned f o r  Pioneer Venus and a l s o  proposed f o r  t he  ou te r  
p lane ts  probes i s  used, a r e l a t i v e l y  heavy design r e s u l t s  even though 
a g r e a t l y  reduced thickness  w i l l  be adequate. 12.2 kg per  square 
meter o r  8 kilograms t o t a l  f o r  t h e  forebody hea t  s h i e l d  would be r e -  
3 quired.  The low dens i ty  240 kg/m Viking ma te r i a l  is considered 
appl icable  up t o  r a t e s  of about the  50 watts/cm2 va lue  predicted f o r  
T i t an  . If t h i s  ma te r i a l  were used i t  would r e s u l t  i n  a h e a t  s h i e l d  
weight about one - f i f t h  of t h a t  required wi th  carbon phenolic (or a 
much lower s t r u c t u r a l  temperature) a s  shown i n  Figure B-5. I f  t he  
Viking ma te r i a l  proves t o  be marginal f o r  t he  T i t an  r a t e s ,  the 480 kg/m 3 
dens i ty  elastomeric  s i l i c o n e  used on the  PAET veh ic l e  could be  used 
ins tead .  Its use permits a h e a t  s h i e l d  design t h a t  i s  s t i l l  l e s s  than  
% of the mass of a carbon phenolic design and wel l  under 10% of t he  
en t ry  weight. 
Figure B-6 shows the descent temperatures f o r  t h e  t r i a l  mission 
probe using the  vented probe concept proposed f o r  t he  ou te r  p lane ts  
0 probe. The i n i t i a l  probe temperature of 298 K i s  achieved by a n  
isotope h e a t e r  i n  balance with the  e x t e r n a l  mu l t i l aye r  i n s u l a t i o n  
h e a t  l o s s  during the  pre-entry coas t  per iod.  Although the  probe is  
vented, incoming gases cause l i t t l e  cool ing  of t he  payload. Also, 
losses  through the  2.5 cm of descent i n s u l a t i o n  a r e  much l e s s  severe  
than f o r  the  ou te r  p lane ts  probes due t o  the considerably lower con- 
d u c t i v i t y  of the predominately N2 atmosphere (postulated i n  
the nominal atmosphere model f o r  T i t an )  r e l a t i v e  t o  the H2 atmospheres 
of the outer  planets .  
A probe O V  of approximately 30 m / s  i's required f o r  t he  "shared 
def lec t ion"  mode required by p lane tary  quarant ine cons idera t ions .  A 
s o l i d  rocket  motor t he  s i z e  of the  Marc 6l.A motor shown i n  Figure B-7 
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Fig. B-7 Ex i s t i ng  Sol id Kocket Motor Se r i e s  Su i t ab l e  for Probe Deflect ion 
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can provide t h i s  A V i n  add i t i on  t o  providing spinup f o r  t h r u s t  vec tor  
cont ro l .  Once the  d e f l e c t i o n  maneuver is complete, the  motor assembly 
would be j e t t i soned ,  thus avoiding a blockage of t he  probe antenna. A 
weight s ta tement  of t h i s  probe conf igura t ion  is  shown i n  Table B-3. 
Figure B-8 dep ic t s  a t y p i c a l  i n t eg ra t ion  of t he  t r i a l  mission 
probe i n t o  a Pioneer Sa turn  Orbi te r .  It i s  assumed here  t h a t  p lane tary  
quarant ine cons idera t ions  w i l l  r e q u i r e  the incorpora t ion  of a b iosh ie ld  
s imi l a r  t o  the  arrangement f o r  the  MARS Viking Lander Capsule. The 
probe would a t t a c h  t o  the o r b i t e r  adapter around the  periphery of the  
ae roshe l l  wi th  the  b iosh ie ld  base having attachment t o  and being separa-  
ted  with the  kick s t a g e  adapter .  The b iosh ie ld  cap would remain wi th  
the o r b i t e r  a t  t he  time of probe separat ion.  Although the  b iosh ie ld  
complicates the design, the small  s i z e  of the  probe capsule  minimizes 
t he  impact of i t s  i n t e g r a t i o n  i n t o  the  t o t a l  spacecraf t ,  
Table B - 3  
T r i a l  Mission Atmospheric Entry Probe Mass Breakdown 
Mass (kg) 
S t r u e  t u r e  
Heat Shie ld  
Heaters /Insula  t i o n  
Comm/Data Handling 
Power 
Pyr o 
Science 
Science Accommoda t o r  
Instrumentat ion 
Margin 
Total  
Mechanisms a r e  provided f o r  deploying the  sampling devices and 
t h e i r  pene t ra t ions  through the  aeroshe l l /hea tsh ie ld .  Separa t ion  devices 
a r e  requi red  t o  desp l ice  the b iosh ie ld ,  j e t t i s o n  the  d e f l e c t i o n  motor 
and separa te  the en t ry  capsule from the  lander.  With t h e  except ion of the  
d e f l e c t i o n  motor separa t ion ,  t hese  devices  can be s i m i l i a r  t o  t h e  ou te r  
p l ane t s  probe and Viking '75 designs. 

b. Communications and Power - Probe Design 
Probe Communications - The probe te lemetry system is  b u i l t  
around t h e  requirements of the  sc ience  experiments and impact of the 
mission geometry. The experiments s e t  the requirements and the mission 
s e t s  the cons t r a in t s .  The experiments c o n s i s t  of 1 )  temperature and 
pressure  t ransducers  (3 bps) ,  2) accelerometers (4 bps),  3 )  atmospheric 
mass spectrometer (40 bps), 4)  gas chromatograph (15 bps),  and 5) ,UV 
photometer (15 bps), The raw data  r a t e  requi red  for  these  science experi-  
ments i s  77 bps. Engineering housekeeping da ta  and formatting br ings  
the  r a t e  t o  88 bps. 
The next quest ion i s  how t o  r e t u r n  the  probe data  t o  Earth.  
Pas t  experience i n  Outer P l ane t  Probes has proven t h a t  a d i r e c t  RF l i n k  
t o  Earth i s  impract ical  from a power standpoint.  Pas t  t rade  s tud ie s  
have a l s o  shown t h a t  an optimum r e l a y  l i n k  frequency is 400 MHz. Non- 
coherent FSK modulation i s  a l s o  the most e f f i c i e n t  fo r  the low data  r a t e .  
Convolutional coding i s  a l s o  employed fo r  da t a  e f f i c i ency  and low e r r o r  
r a t e s .  
Uncer ta in t ies  and d ispers ions  i n  the  pos i t i on  of T i t a n  
r o s u l t  i n  a range to le rance  of f 1000 km and 3 -0angu la r  p o s i t i o n  
to le rances  of _+ 30. These were considered i n  the l i n k  ana lys is .  The 
optimum probe mission has a r ad ius  of c l o s e s t  approach of 3700 km and 
a lead time of 1 hour. The mean e n t r y  comunica t ions  range is 30,000 
km and the probe mission l a s t s  f o r  43 minutes. RF l i n k  condi t ions  
improve a f t e r  en t ry ,  with decreasing range and lower probe aspec t  angles 
r e s u l t i n g  i n  higher  probe antenna gains.  Therefore,  the worst case  
condi t ion  fo r  the te lemetry l i n k  i s  a t  en t ry  and the  ELF power requi red  
then s i z e s  the t ransmi t te r .  The e n t r y  l i n k  t a b l e  i s  shown i n  Table B-4. 
A s  seen, 7W of RF power is required t o  maintain the l i n k  a t  400 MHz t o  
the  f lyby spacecraf t  with a data  r a t e  of 88 bps. The l i n k  design in-  
c ludes conservat ive assumptions t o  cover the unce r t a in t i e s  t h a t  present ly  
e x i s t  i n  p l ane t  pos i t ion ,  noise temperature, and atmosphere e f f e c t s .  
Teble B-4 Probe Telementry Design Control  Table 
ITEM PARAMETER NOMINAL 
VALUE 
8.4 
- 0.8 
ADVERSE 
TOLERANCE 
T o t a l  Transmit ter  Power, dBW 
Transmit t ing C i r c u i t  Loss, dB 
Transmit t ing Antenna Gain, dB 
Antenna Pa t t e rn  Ripple ,  dB 
Space Loss, dB 
P lane t  Atmosphere Loss, dB 
P o l a r i z a t i o n  Loss,  dB 
Toroid Pa t t e rn ,  *SO0 ,Gfl 
3.4dB 
Receiving Antenna Gain, dB 
Receiving C i r c u i t  Loss, dB 
Net C i r c u i t  Loss, s(2 - r9 ) ,  dB 
To ta l  Received Power, 
(1+10), dBW 
Receiver Noise Spec t r a l  
Density,  N dBW/Hz 
0 '  
Received Power /N 
0' 
(11- 12),  dBW*Hz 
DATA CHANNEL 
Fading Loss, dB 
Process ing Loss, dB 
Received Data Power, 
(11+14+15), dBW 
Data Bi t  Rate,  dB 
Threshold Eb/No, dB 
Threshold Data Power, 
(12+17+18), dBW 
Performance Margin, (16-19) or 
(13+14+15-17-18), dB 
Nominal Less Adverse Margin, 
(20-20 adv),  dB 
- 0.5 -0.2 
- 1.0 -0.2 
-163.5 -2.0 
19.5 0.0 Rate = 88  bps 
10.6 0.0 BER = S X ~ O - ~  
172.7 -1.0 
9.2 -3.0 
6.2 
Condi t ions : l .  T i t a n  Probe worst-case condi t ions  a t  Entry. 
2. Spacecraf t  f lyby,  RCAt=3700km,Y=-60°,7= 142O, TLzl Er. 
3. Radio Guidance employed. 
4. Nominal T i t 9  atmosphere model, 100% N2, 400 mbar pressure .  
5. PSK nowcoherent  modulation, BT=2. 
6. Ro l l - s t ab i l i zed  f lyby  spacec ra f t .  
7. Convolutional encoding, v i t e r b i  decoding, Rate = 112, 
Cons t r a in t  l eng th  = 10, hard dec i s ion  
8. B 0.5 s l ~ g s l f t ~ ,  Mission completion a t  Entry  + 32 min. 
The three  atmosphere models c u r r e n t l y  proposed f o r  T i t an  
con ta in  pr imar i ly  n i t rogen  and methane. RF absorp t ion  i n  methane is 
neg l ig ib l e  and f o r  the  pure n i t rogen  model wi th  a  pressure of 400 mbar, 
the e f f e c t s  a r e  s i m i l a r  t o  the  E a r t h ' s  atmosphere. The absorp t ion  a t  
400 MET2 i n  the Ea r th ' s  atmosphere i s  approximately 0.3 dB with t h e  main 
cont r ibu tor  being from water vapor absorption. Therefore,  i t  is con- 
cluded t h a t  UHF a t t enua t ion  i n  any of the three  T i t an  atmosphere models 
i s  neg l ig ib l e  (<0.1 dB). 
The probe antenna is a  mic ros t r ip  d i s k  design with c i r c u l a r  
p o l a r i z a t i o n  and a  beamwidth of 140 deg. The peak gain is 3.4 dB and a  
conica l  p a t t e r n  i s  produced. The sp in - s t ab i l i zed ,  flyby spacecraf t  em- 
ploys a  loop-V antenna which i s  a l s o  c i r c u l a r l y  polar ized.  It pro- 
duces a  d ipo le  o r  t o r o i d a l  pa t t e rn  centered a t  an aspect  angle  of 
55 deg. with a  beamwidth of 50 deg. and a  peak ga in  of 3.4 dB. Axial  
r a t i o s  f o r  the probe and spacec ra f t  antennas a r e  3 and 8  dB, r e spec t ive ly  
r e s u l t i n g  i n  a  po la r i za t ion  l o s s  of 1.5 dB. 
The approach geometry i s  such t h a t  Saturn is  not  i n  the  
background of T i t an  during the  mission and the only ex te rna l  sources of 
noise temperature a r e  background cosmic noise and d i s k  noise from Titan.  
A r ece ive r  noise f i g u r e  of 3.0 dB i s  assumed f o r  the spacec ra f t  r ece ive r  
a t  400 MHz. The r e s u l t i n g  system noise temperature i s  approximately 
4000K with the major con t r ibu to r  being the i n t e r n a l  rece iver  source. The 
l a t e s t  T i t a n  Monograph (Ref B-5) i n d i c a t e s  a  d i s k  temperature of only 
0 
1 0 0 ~ ~ .  The spacecraf t  antenna temperature f o r  the  dipole  p a t t e r n  i s  50 K. 
The te lemetry t r ansmi t t e r  is an  a l l - s o l i d - s t a t e  u n i t  
capable of 7 W of RF output.  The o v e r a l l  e f f i c i ency  is  25% which r e s u l t s  
i n  28 W of dc power required from the bat tery.  The da ta  handling u n i t  
includes an  A-to-D converter  fo r  the analog accelerometer da ta ,  a small ,  
s o l i d - s t a t e  memory t o  s t o r e  e n t r y  da ta  p r io r  t o  transmission, and cir- 
c u i t r y  t o  encode the s e r i a l  b i t  stream. 
Probe Power Subsystem -  valuation of the sc ience  and 
mission requirements lead t o  the s e l e c t i o n  of a n  energy source and power 
d i s t r i b u t i o n  system. The sc ience  and engineering subsystems operate  
simultaneously during the  42-minute descent  and r equ i r e  96.8 W-hr of dc 
energy. The energy requirements of the probe mission a r e  shown i n  Table 
B-5. The sc ience  experiments shown i n  parentheses  a r e  not  included i n  
the t o t a l  energy s ince  they a r e  not  i n  the base l ine  payload. They r e -  
f l e c t  add i t i ona l  science t h a t  might be added i f  add i t i ona l  weight and 
design margins a r e  ava i lab le .  
The power d i s t r i b u t i o n  system is shown i n  Figure B-9. A 
remotely ac t iva ted ,  28-volt, unregulated s i l v e r - z i n c  b a t t e r y  of 125 W-hr 
capac i ty  i s  requi red  t o  provide the necessary margin for  s t e r i l i z a t i o n  
and long l i f e  f o r  t h i s  design. A small rechargeable nickel  cadmium boot- 
s t r a p  b a t t e r y  i s  used t o  a c t i v a t e  the primary s i l ve r - z inc  power source, 
operate  a c lock a f t e r  s epa ra t ion  from the spacec ra f t ,  and i n i t i a t e  the 
pyrotechnic remote a c t i v a t i o n  device. The Ni-Cd b a t t e r y  i s  i n i t i a l l y  
charged from the  spacec ra f t  power through a charger  p r i o r  t o  probe 
separa t ion .  
Power i s  d i s t r i b u t e d  and con t ro l l ed  t o  the loads through 
a Power Control Unit t h a t  i s  a c t i v a t e d  by a g rav i ty  switch t h a t  i s  
i n i t i a t e d  by the en t ry  dece lera t ion .  Power sequencing is con t ro l l ed  by 
the cormnand memory and logic  network, 
B. TRIAL MISSION PENETRATOR 
The Mars pene t ra tor  designed by Sandia Laborator ies  (Reference B-2) 
served a s  a b a s i s  f o r  the t r i a l  mission penet ra tor .  The sc ience  objec t ives  
f o r  a T i t an  penet ra tor ,  and i n  p a r t i c u l a r  the d e s i r e  fo r  a mass spectro-  
meter experiment, a r e  not compatible with the  s i z e  of the Sandia u n i t .  
Consequently, s i g n i f i c a n t  design modif icat ion became necessary although 
due t o  s i m i l a r i t i e s  i n  estimated sur face  p e n e t r a b i l i t y  c o e f f i c i e n t s  fo r  
Mars and T i t an  it i s  des i r ab l e  t o  r e t a i n  the same mass/area r a t i o  and 
impact ve loc i ty  t h a t  was se l ec t ed  f o r  the Mars pene t ra tor  design. The 
Table B-5 Ti tan T r i a l  Mission Probe Power and Energy Requirements 
Coast Phase 
Power, 
w!!! 
5-day Clock 0.001 
Entry & Deceleration Switch 0.2 
Entry & Descent Phase 
Science 
Temperature & Pressure Trans - 
ducers 
Accelerometers 
Atmospheric Rlass Spectrometer 
Organic Mass Spectrometer 
Gas Chromatograph 
UV Mul t iband Photonieter 
1 mpact I ndicator 
(Light I ntensity Detector) 
(Cloud Part icle Size Analyzer) 
(X-Ray Fluorescence Analyzer) 
(Nephelorneter) 
(Ion Rlass Spectrometerl 
(Retarding Potential Analyzer) 
Data Management S ubsys tern 
Transmit ter  
Ordnance Relays 
Battery Heater 
Equipment Energy 
D is t r ibu t ion  Losses (5%) 
Total Energy 
Energy, 
T i  me W h 
-- 
5 days 0.12 
2 hr 0.40 
( Items in parentheses are not in  baseline payload. 1 

proposed sc ience  payload is shown i n  Table B-6 and discussed i n  Chapter 
I I (page  11-70). 
A summary of the T i t an  T r i a l  Mission penet ra tor  c h a r a c t e r i s t i c s  i s  
shown i n  Figure B-10 and mission ana lys i s  and design d e t a i l s  are provided 
i n  the following paragraphs. 
I. Mission P r o f i l e  Descr ip t ion  - Penet ra tor  
a .  In t e rp l ane ta ry  ~ r a  jec tory/Launch Analysis - The t r i a l  miss ion  
penet ra tor  has e s s e n t i a l l y  the  same mass as  the probe descr ibed e a r l i e r .  
Therefore the  launch and in t e rp l ane ta ry  t r a j e c t o r y  s i t u a t i o n  defined f o r  
the  probe mission app l i e s  a l s o  t o  the  penet ra tor .  Using e i t h e r  the  
Shutt le l IUS p r i o r  t o  1985, or  the Shuttle/Tug launch veh ic l e s  i n  l a t e r  
years ,  a  Pioneer/Penetrator  mission can be Launched i n  any year ,  A s  w i th  
the  probe, t he  optimal years a r e  centered about 1985 and 1998. 
b. Approach ~ r a j e c t o r ~ / D e f l e c t i o n  Maneuver - The approach 
t r a j e c t o r y  and the  d e f l e c t i o n  maneuver a r e  a l s o  s imi l a r  t o  the probe 
mission. The penet ra tor  i s  def lec ted  from the spacec ra f t  on the  incoming 
hyperbola, by a shared de f l ec t ion .  The approach t r a j e c t o r y  is se l ec t ed  
t o  be compatible wi th  a  powered T i t a n  swingby and subsequent o r b i t  i n s e r -  
t i o n  about Saturn.  The o r b i t  per iod i s  144 days. Def lec t ion  occurs  a t  
5x106 km and the c o a s t  time i s  5  days. The d e f l e c t i o n  maneuver is designed 
t o  maximize the communications time between the penet ra tor  a f t e r  emplace- 
ment i n  T i t a n ' s  sur face  and the  spacecraf t .  Careful  design of t h i s  man- 
euver r e s u l t s  i n  a communication time g r e a t e r  than 45 minutes. 
c.  Entry and Descent - The penet ra tor  en t e r s  the  atmosphere of 
T i t an  a t  a  v e l o c i t y  of 5.84 km/sec and a  f l i g h t  path angle of -60°. 
I n i t i a l l y  the penet ra tor  is enclosed i n  a  p r o t e c t i v e  capsule ,  which is 
staged a t  a predetermined a l t i t u d e  f o r  f i n a l  pene t ra tor  descent. The 
b a l l i s t i c  c o e f f i c i e n t  of t he  i n i t i a l  en t ry  conf igura t ion  is  62.84 kg/& 
(.4 s l u g s / f t 2 )  and the b a l l i s t i c  c o e f f i c i e n t  of t he  bare-body penet ra tor ,  
a f t e r  s tag ing ,  i s e l 3 0 0 0  kg/m2 (82.75 s l u g s / f t 2 ) .  Staging i s  i n i t i a t e d  
by a  pressure  switch which is  a c t i v a t e d  a t  a n  a l t i t u d e  corresponding t o  
TABLE B-6 T i t a n  P e n e t r a t o r  Science Payload 
INSTRUMENT CHARACTERISTICS MASS POWER 
I Temperature Array S o i l  temperature ,  thermal c o n d u c t i v i t y  2 ,O 
Expanded Organic Ana lys i s  * 8.8 Kg 28.6 Watts 
Pass ive  Seismometry Viking 
Act ive  Seismometry Explosive  Charges 
Neutron A c t i v a t i o n  Elements,  I s o t o p e s  
P a s s i v e  Gamma - ray  Spectrometer  K, U, Act iva ted  Nucl ides  
XRFS Elements 
X-ray Di f f rac tomete r  
Heat Flow 
Magnetometer 
Crysta  1 S t r u c t u r e s  
Temperature P r o f i l e  
S e n s i t i v i t y ?  
*The fo l lowing  ins t ruments  a r e  o p t i o n a l  
I / /  Entry 
t = 0 sec - 
h = 594 km 
Y E  " -60' 
VE = 5.84 kmls 
Separate from 
Spacecraft 
t = -5.2 days 
AV = 100 mls 
Electronic 11.5 
Len h = 1.82 m  t = 10.5 min a h  = 0 krn (R = 2100 km) Aft Section - 18,000 g 
Forebody - 1,800 g 
Vimpact = 150 mls 
Data Rate 32 bps 
RF Power 2 W 
Lifetime 60 min 
.I 
Science 
Accelerometer 
Temp Array 
Mass Spectrometer . 
Fig. B-10 Typica l  T i t a n  Pene t r a to r  Mission i n  Nominal Atm 
8.5 mb. The nominal impact v e l o c i t y  i s  145 m/sec. 
d. Navigation and Dispersions - The navigat ion e r r o r s  and 
r e s u l t a n t  d i spers ions  a r e  the same a s  those defined fo r  the probe mission. 
2. Design 
a. Configuration and Mechanical Subsystems - Since the  se l ec t ed  
mission p r o f i l e  is based on completing the sc ience  experiments while the 
o r b i t e r  is  wi th in  communication range i n  i t s  i n i t i a l  flyby, and s ince  the  
Ti tan  penet ra tor  contains  a  mass spectrometer,  higher power requirements 
r e s u l t .  Therefore a  much l a r g e r  b a t t e r y  assembly is required than f o r  
the Mars pene t ra tor  and an i so tope  hea ter  would be used ins tead  of the 
RTG system proposed f o r  the  long dura t ion  Mars mission, Like the Mars 
pene t ra tor  design however, the af terbody shears  of f  upon sur face  penetra- 
t i o n ,  leaving the  antenna and assoc ia ted  communication hardware a t  the 
surface.  This design is shown i n  Figure B-11.  The umbil ical  between tbe 
forebody and af terbody could conta in  the  sensors  f o r  the  hea t  flow experi-  
ment i f  t h i s  method proves t o  be p r a c t i c a l  based on cu r ren t  s tud ie s  fo r  
Mars appl ica t ions .  
From an equipment i n t eg ra t ion  and i n s t a l l a t i o n  po in t  of view, 
the mass spectrometer experiment provides the biggest  challenge. The 
various elements of the mass spectrometer a r e  capable of being con£ igured 
t o  f i t  a  pene t ra tor  bu t  add i t i ona l  development would be requi red  t o  
qua l i fy  each of them, and p a r t i c u l a r l y  the  ion  source, t o  the  peak impact 
load (1800 g ' s ) .  It i s  des i r ab l e  t o  enlarge the  penet ra tor  diameter from 
the Mars pene t r a to r ' s  diameter of 7.5 cm t o  12.7 cm t o  permit housing a  mass 
spectrometer. With t h i s  l a r g e r  diameter, and therefore  g rea t e r  s t r u c t u r a l  
mass a s  wel l  as  g rea t e r  instrument and b a t t e r y  mass, both the mass and area  
a r e  a f f e c t e d  It turns out  t h a t  f o r  the T i t a n  penet ra tor  t h e i r  r a t i o  i s  t h e  
same a s  for  the Mars design, i .e  the added mass and area balance out. This  
i s  for tuna te  s i n c e  the p e n e t r a b i l i t y  of a  f rozen T i t an  sur face  is equiva- 
l e n t  t o  a  b a s a l t i c  lava Mars sur face  and the same masslarea r a t i o  i s  desired.  
An add i t i ona l  a rea  of concern i s  the acqu i s i t i on  of a  vaporized 
SS SPECTROMETER 
ACCELEROMETER TRANSFil TTER 
----  
-I 
,,,-J 
ANTENNA 
ELECTRONICS 
SANPLE INLET 
PLUG IN 
- ' h  \-- SAHPLE VAPORIZING ENTRY LOCATION HEATER 
MASS SPECTROmTER 
SAMPLING PORT 
Fig. B-11 Titan Penetrator - Trial Mission Design 
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LENGTH - 1,88 m 
WEIGHT - 63.2 kg 
PRINCIPAL DIA - 12.7 cm 
sample of the surrounding "soil".  A scheme f o r  doing t h i s  is a l s o  
shown i n  Figure B-11.  With t h i s  concept, a  r e t r a c t a b l e  plug i n  the wal l  
of the  penet ra tor  is surrounded by a  heat ing element a s  i l l u s t r a t e d .  
Once the penet ra tor  comes t o  r e s t ,  the plug is r e t r a c t e d  (with f o r  
example a  solenoid device) and the  hea ter  is energized. As the "soi l"  
is  heated, the vapors e n t e r  the p o r t  and proceed through the  instrument 
fo r  analys i s .  
The bas i c  reason t h a t  t he  penet ra tor  mission may have t o  be 
l imi ted  t o  s h o r t  dura t ion  is  t h e  uncer ta in ty  i n  subsurface thermal con- 
d u c t i v i t i e s  and temperatures. The curves of Figure B-12 show the  
s e n s i t i v i t y  of pene t ra tor  temperature t o  the thermal c h a r a c t e r i s t i c s  of 
some poss ib le  Ti tan  sur face  cons t i tuents .  The thermal model was run  with 
one dimensional h e a t  conduction only, with a  "boundary" node loca ted  
100 cm from the penet ra tor ,  If the re  i s  a "so i l "  a s  such on Ti tan ,  
i t s  thermal conduct ivi ty  may f  o1Zow the middle curves,  ksoil = 4 x N 2  
gas, (based on l i t e r a t u r e  thermal conduct iv i ty  measurements f o r  low 
dens i ty  powders i n  a i r  a t  cryogenic temperatures).  The wide spread 
ind ica t e s  the d i f f i c u l t y  of insur ing  t h a t  t h e  penet ra tor  w i l l  surv ive  
a f t e r  s teady s t a t e  condit ions a r e  reached. 
The presence of a  denser atmosphere than Mars ( i n  the nominal 
case)  and the smaller  g r a v i t a t i o n a l  acce l e ra t ion  of T i t an  s i m p l i f i e s  the 
s tag ing  requirements,  i .e. ,  the bare  pene t ra tor  b a l l i s t i c  c o e f f i c i e n t ,  
13038 kg/m2, r e s u l t s  i n  the des i red  150 m/s impact ve loc i ty .  Also, the 
ex tendib le  cy l inder  used f o r  the e n t r y  conf igura t ion ,  p =  6 3  kg/m2, pro- 
vides s u f f i c i e n t  drag t o  produce a  v e r t i c a l  f l i g h t  path s o  no "turnover 
chute" i s  required.  
P r io r  t o  en t ry  the cy l inder  is extended pneumatically, a s  i n  
Reference B-2 t o  increase  the drag area. The na tu ra l  s t a b i l i t y  o r i e n t s  
the cy l inder  crossways t o  the  flow thus providing a  high drag configura- 
t i on .  Af te r  e n t r y  the f a i r i n g s  a r e  staged and the f i n s  on the penet ra tor  
af terbody cause the  penet ra tor  t o  assume a near zero angle of a t t a c k  
"Soil1' Temperature - 8 0 ' ~  (-316'~) 
Phase Change Effects Not Modeled 
Penetrator Weight - 55 kg 
/7 'soi l = N2 gas K 
A+' 
10-w \ 
Pe net rator \ \ (Bulk) -50 
, s now '\ 7 - - - 5 3 0 ~  Temneratr I re I, - IL-AY-C.~ , -a-A.  . l l : . l : l . l  \ 
Time, hr Steady State 
Note: I n te rna l  heat dissipation based o n  20 W fo r  mass spectrometer operation f o r  1 hr 
-
after impac t  
Pig. B-12 Titan Penetrator Temperature Variation with "Soil" Conductivity 
p r i o r  t o  impact. Another type of extendible  ae roshe l l  f o r  providing 
increased drag and hea t  p ro t r ac t ion  during e n t r y  has been suggested f o r  
Mars appl ica t ions .  This system employs a  carbon c l o t h  ex tendib le  fore-  
body somewhat resembling an  umbrella. With the  low r e l a t i v e  v e l o c i t y  
(5.8 km/sec) en t ry  mode poss ib le  by powered swingby, t h i s  type of device 
a l s o  appears t o  be a  p o s s i b i l i t y  f o r  Ti tan  penet ra tors .  Figure B-13 
shows t h a t  r e l a t i v e l y  low carbon c l o t h  equi l ibr ium temperatures a r e  
experienced, 1500°K t o  1800°K, depending on ae roshe l l  diameter.  This  
conf igura t ion  could be l i g h t e r  and might provide a  more p red ic t ab le  
drag than the  extendible  cy l inder  a t  the expense of g rea t e r  development 
cos t .  
The estimated mass breakdown for  the t r i a l  mission penet ra tor  
design i s  given i n  Table B-7. I t s  t o t a l  mass i s  almost twice t h a t  of 
the Mars design and i s  e s s e n t i a l l y  the same as  t h a t  i d e n t i f i e d  f o r  the 
t r i a l  mission probe. 
During c ru i se ,  the  e n t r y  cyl inder  containing the penet ra tor  i s  
located in s ide  a  launch tube with the e n t i r e  assembly mounted on the 
spacecraf t .  Figures B-14 and B-15 i l l u s t r a t e  two ways of doing t h i s .  
The launch tube serves a  dual  purpose i n  t h a t  it  a l s o  serves a s  a  bio-  
s h i e l d  f o r  the penet ra tor .  For pene t ra tors  a s  la rge  as t h i s  one ca r r i ed  
on Pioneer type ( sp in - s t ab i l i zed )  spacecraf t ,  a n  on-axis mounting as  
i l l u s t r a t e d  i n  Figure B-14 is preferred.  The s ing le  o r b i t  i n s e r t i o n  
engine conf igura t ion  normally used would be replaced i n  t h i s  system with 
four t h r u s t e r s  a s  shown, and a closed-end launch tube t h a t  would pro tec t  
the spacecraf t  from exhaust impingement. The penet ra tor  would be spun 
up wi th in  the launch tube wi th  a  2-step s o l i d  motor system t h a t  delays 
the main t h r u s t  u n t i l  the pene t ra tor  has c l ea red  the spacecraf t .  
Mariner type (3-axis s t a b i l i z e d )  spacecraf t  would a f  ford more 
f l e x i b i l i t y  i n  mounting provisions a s  shown i n  Figure B-15. 
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TABLE B-7 
TRIAL MISS ION PENETRATOR WEIGHT STATEMENT 
SCIENCE 8.8 Kg 
HEAT FLOW EXPER D E N T  1.0 
ACCELEROFlETER 0.3 
MASS SPECTROMETER 5.0 
SCIENCE ELECTRONICS 2.5 
BATTERYIHEATERS 
COMMLTNICAT IONS 
UMBILICAL 
ELECTRONICS SUPPORT 3.0 
STRUCTURE/MECHANISMS 
STRUCTURE 
MASS SPEC SAMPLER 
ENTRY FA IRING 
MARGIN 
TOTAL 
Space Storable 
Multi-mission 
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(per NASA/ARC/TRW 
Study-Ref B-3) 
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Orbit Insertion 
Thrusters (4 PLCS) 
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b. Communications and Power - Penet ra tor  Design 
Penet ra tor  Communications - To f u l f i l l  t he  requirements of 
the  T i t an  penet ra tor  mission, a  very compact subsystem of da t a  gathering,  
da ta  s torage ,  and t ransmission i s  requi red  t o  support  the s c i e n t i f i c  
experiments and penet ra tor  housekeeping. The sc ience  complement c o n s i s t s  
of an accelerometer,  mass spectrometer,  and a  hea t  Tlow experiment wi th  
a  t o t a l  of 61,500 b i t s .  The accelerometer data  during descent l impact  
amounts t o  analog da t a  converted i n t o  31,000 b i t s  and i s  s t o r e d  i n  a  
50-kbit  s o l i d - s t a t e  memory. The mass spectrometer experiment produces 
25,000 b i t s  of d i g i t i z e d  data  and the h e a t  flow experiment has 5400 b i t s  
of da ta .  Data t ransmission begins 32 min. a f t e r  sur face  impact and l a s t s  
fo r  45 min., a t  which time the  f lyby spacecraf t  i s  over the l o c a l  horizon. 
The s to red  da t a  and rea l - t ime,  post-impact data  a r e  s e r i a l i z e d  and t r ans -  
mit ted t o  the f lyby spacec ra f t  v i a  a  microwave l ink .  The penet ra tor  
mission data  a r e  s to red  on the spacec ra f t  i n  a  memory u n i t  and re layed  t o  
Earth a t  a  convenient time over the  spacecraf t -Earth microwave l i n k  t o  the 
DSN. 
The proposed telemetry da t a  l i n k  operates  a t  400 MHz with  non- 
coherent FSK modulation with a  data  r a t e  of 32 bps which allows f o r  t h e  
science and housekeeping data .  A command and con t ro l  l i n k  is not  necessary 
s ince  the mission design proposes a  s i n g l e  f lyover  of the  mother space- 
c r a f t ,  which r e l ea sed  the penet ra tor .  
The wors t - l i n k  condi t ion  occurs a t  impact when the  f lyby  
spacec ra f t  i s  f a r t h e s t  away with a  range of 32,350 km and a t  an  aspec t  
angle of 370 from the  l o c a l  v e r t i c a l .  As the spacec ra f t  f l i e s  over t he  
landed penet ra tor ,  the  communications geometry improves u n t i l  the space- 
c r a f t  i s  over the  oppos i te  horizon a t  72 min. a f t e r  e n t r y  (45 min. a f t e r  
impact). The range a t  t h i s  time i s  only 5000 km. The microwave r e l a y  
l i n k  t a b l e  is shown i n  Table B-8 f o r  the worst-case condi t ions  which 
determines the maximum RF output power requi red  from the t ransmi t te r .  A s  
seen from the  t ab l e ,  2  W of RF power is required t o  maintain the te lemetry 
TABLE B-8 
ITEM 
PENEIRATOR TELEMETRY DESIGN CONTROL TABLE 
PARAMETER NOMINAL ADVERSE ' 
VALUE TOLERANCE REMARKS 
Total Transmitter Power, dBW 3.0 0.0 400 MHz, 2.0 w 
Transmitting Ci rcu i t  Loss, dB - 0.8 -0.1 
Transmitting Antenna Gain, dB 2.0 -0.2 Hemisphere, Axial, 0==37- 
Antenna Pat tern Ripple, dB - 2.5 0.0 
Space Loss, dB -174.7 -0.3 32,350 km 
Planet Atmosphere Loss, dB - 0.2 0.0 Nominal Atmosphere 
Po la r iza t ion  Loss, dB - 3.0 -0.2 Linear-to-Circular 
Receiving Antenna Gain, dB 3.1 -0.2 Split-Axial Pattern,ehp=55* 
Receiving Ci rcu i t  Loss, dB - 1 .0  -0.1 
Net Ci rcu i t  Loss,p(2-4), dB -177.1 1.1 
Total Received Power, -174.1 ' 1.1 
(1+10), dBW 
Receiver Noise Specrral -200.8 -0.4 
Density, No, dBW/Hz 
Received Pawer/N 26.7 -1.5 
0 '  
(11-12), dBW.Hz 
DATA CHANNEL 
Fading Loss, dB 
Processing Loss, dB 
Received Data Power, 
(11+14+15), dBW 
Data Bit Rate, dB 
Threshold Eb/No, dB 
Threshold Data Power, 
(12+17+18), dBW 
Performance Margin, (16-19) or 
(13+14+15-17-18), dB 
Nominal Less Adverse Margin, 
(20-20 adv), d B  
Rate = 32 bps 
BER ;. 5x10-~ 
Conditions:l.  Ti tan Penetrator  impact conditions, worst-case power. 
2. Spacecraft flyby mission, RCA=50,000 km 
3. Nominal Titan atmasphere model, 100% Nq, 400 mbar pressure. 
4. FSK n o ~ c o h e f e n t  modulation, BT=2. 
5. Roll-stabilized flyby spacecraf t .  
6. Convolutional encoding, Vi te rb i  decoding, Bate = 112. 
l i n k  a t  400 MI.lz t o  the  f lyby spacec ra f t  with a  data  r a t e  of 32 bps. 
The telemetry t r ansmi t t e r  is an a l l - s o l i d - s t a t e  u n i t  cap- 
ab l e  of 2 W of RF output.  The o v e r a l l  e f f i c i ency  i s  25% which r e s u l t s  
i n  8 W of dc power requi red  from the ba t t e ry .  Data management includes 
an A-to-D converter  f o r  the analog accelerometer data ,  a  50-kbit  s o l i d -  
s t a t e  memory, and c i r c u i t r y  t o  encode the s e r i a l  b i t  stream. The d ipole  
antenna and t r ansmi t t e r  a r e  separated during impact and remain on the  
sur face .  Antenna deployment is powered by a  co i l ed  spring.  When re leased ,  
the  antenna assembly i s  dr iven  out of a  s torage  tube and the  r i g i d ,  spr ing-  
loaded d ipole  elements unfold and the f l e x i b l e  counterpoise arms deploy. 
The f l e x i b l e  ground plane arms a r e  made of s t e e l .  The 
ground plane he ight  is 25 cm and the antenna provides a  l i n e a r l y  polar -  
ized,  hemispherical pa t te rn .  The t r ansmi t t e r  and antenna is packaged 
i n  t he  a f t  end of the penet ra tor  and a f t e r  impact, an umbil ical  connects 
the  t r ansmi t t e r  t o  the  pene t r a  t o r  body and provides dc vol tages and 
s igna l s  from the data  processing un i t .  
Penetrator  Power Subsystem - Penet ra tor  energy requirements 
a r e  determined from the science equipment and engineering subsystem 
power loads. The energy requirements of the penet ra tor  mission a r e  shown 
i n  Table B-9. Power is  required from pre-impact (descent) t o  72 minutes 
a f t e r  en t ry  when the mission i s  completed. The sc ience  and engineering 
subsystems operate  simultaneously and the  t r ansmi t t e r  begins opera t ion  
32 minutes a f t e r  impact and l a s t s  fo r  45 minutes. The t o t a l  energy re -  
quired is 34.7 W-hr. With the  add i t i on  of design margins fo r  s t e r i l i z a -  
t i o n  and o ther  f ac to r s ,  the b a t t e r y  energy requirement i s  45 W-hr. 
The power d i s t r i b u t i o n  system i s  shown i n  Figure B-16. A 
s t e r i l i z a b l e ,  n icke l -  cadmium b a t t e r y  was chosen f o r  the power source. 
The b a t t e r y  is located i n  the  forebody of the penet ra tor  and w i l l  exper- 
ience a  maximum dece le ra t ion  of about 1800 Earth g ' s .  The b a t t e r y  is  
charged by the  spacecraf t  bus p r io r  t o  separa t ion  a t  about 5 days p r i o r  
t o  entry.  Ba t t e ry  recharge on the su r f ace  of T i t a n  i s  not  necessary due 
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Data Mgmt 
Fig. B-16 Penetrator Power Distribution 
t o  the  s h o r t  mission time. An opt iona l  approach is t o  use a remotely 
ac t iva t ed  s i l v e r - z i n c  ba t te ry .  
The penet ra tor  sequence of events  r equ i r e s  pyrotechnic 
device ac tua t ion  t o  r e l e a s e  the hea t  sh ie ld /cy l inder  a f t e r  e n t r y  and the  
accelerometer and data  s torage  system a re  a c t i v e  during impact and pene- 
t r a t i o n .  After  impact, power i s  s e n t  t o  the requi red  systems through a 
Power Control Unit t o  complete the  sample a c q u i s i t i o n  and data  t rans-  
mission t o  the o r b i t i n g  bus. 
The UHF t r ansmi t t e r  i s  i n  the  af terbody and remains on the 
sur face  a f t e r  impact. Power i s  suppl ied t o  the  t r ansmi t t e r  v i a  an 
umbil ical  cable  from the pene t r a to r  forebody which is imbedded i n t o  the 
T i t an  su r f  ace. 
C. TRIAL MISSION SOFT LANDER 
A s o f t  lander was configured t o  accommodate the sc ience  payload 
described i n  Table B-10 with var ious  subsystem components e s s e n t i a l  t o  
the opera t i o n  and support of the science instruments,  
An assumption was made t h a t  p lane tary  quarant ine requirements would 
d i c t a t e  b iosh ie ld  encapsulat ion of the lander  i n  a manner s imi l a r  t o  the 
Viking '75 lander.  Also, i t  was assumed t h a t  some de f l ec t ion  c a p a b i l i t y  
would be requi red  of the lander  t o  avoid having t o  s t e r i l i z e  the  bus 
spacecraf t  or having t o  insure  t h a t  the bus de f l ec t ion  maneuver was 
r e l i a b l e  enough t o  permit t a r g e t i n g  i t  wi th in  the poss ib le  T i t a n  impact 
zone. An attempt was made t o  keep the capsule  s i z e  small  i n  order  t o  
f a c i l i t a t e  i t s  i n t e g r a t i o n  i n t o  a s  wide a range of spacec ra f t  configura- 
t i o n s  a s  possible .  The r e s u l t i n g  mission p r o f i l e  and sys  t e n  charac te r  i s  t i c s  
a r e  summarized i n  Figure B-17 with d e t a i l s  provided i n  the  paragraphs 
below. 
1. Mission P r o f i l e  Descript ion - Lander 
a. In t e rp l ane ta ry  Tra iectory/Launch Analysis - I n  a systematic  
explora t ion  of Ti tan ,  the lander  mission would follow a f t e r  both the probe 
and penet ra tor  missions. Mission oppor tuni t ies  t o  Sa turn  occur once every  
TABLE B-LO T i t an  Lander Science Payload 
INSTRUMENT CHARACTERISTICS M B A  - POWER 
(Kg) (wat t s )  
Combined G C M S / L ~ ~ ~  Detection Viking GCMS f Kok experiment 
T ,  P,  wind 
Sunl ight  Monitor Vis ib le ,  UV? 
One panorama 
Wet Chem. Amino Acid Analysis* ABLDI 50.8 Kg 75 Watts 
Expanded Organic Analysis 
Seismometer 
Neutron Activat ion,  S c a t t e r  
at Pass ive  Gamma-ray Spectrometer 
h XRFS, X-ray Di f f r ac t ion  
Beat Flow 
Microwave Radiometer 
Sonar Sounder 
D r i l l  Sampler 
P a r t i c l e  Size Analyzer 
Age Dating 
Upper Atmosphere L i f e  Detect  . 
Lis t en ing  Devices 
Passive, Act ive? 
Elements, Isotopes 
K, U ,  cosmic r ay ,  nucl ides  
Heavy elements, c r y s t a l  s t r u c t u r e  
Temp. , gradien t  , therma 1 conduc t . 
Subsurface temperature p r o f i l e  
Layer de tec t ion  
1-10 meters 
Regoli th  c h a r a c t e r i s t i c s  
I c e s ,  organics? 
Sampler 
Audio, Em, l i gh tn ing ,  thunder 
*The following instruments a r e  opt iona l  

13 months. I n  the i n t e r v a l  of i n t e r e s t  1983 - 2000 the  two b e s t  launch 
years  a r e  1985 and 1998; 1992 is the worst launch year.  The f i r s t  i s  
too soon and 1998 may be too  l a t e .  Launch da t e s  which would y i e l d  
reasonable weight margins and y e t  allow f o r  e i t h e r  probe or pene t r a to r  
mission r e s u l t s  t o  be incorporated i n t o  the lander  design must occur 
a f t e r  1993. Therefore fo r  purposes of the t r i a l  mission design a  1994 
launch da t e  was assumed. Launch occurs on 5/8/94 and the landerlspace-  
c r a f t  combination encounters T i t an  on 11/16/98 wi th  a  f l i g h t  time of 
4.5 years.  The spacec ra f t  i s  a  Pioneer which when combined wi th  a  lander  
has a  t o t a l  mass of approximately 1200 kg including p rope l l an t  f o r  Sa turn  
o r b i t  i n s e r t i o n  a f t e r  Lander deployment. The s h u t t l e l ~ u g  launch c a p a b i l i t y  
f o r  the ind ica ted  t r a j e c t o r y  i s  i n  excess of 1700 kg. A Mariner der iva-  
t i v e  spacec ra f t  is not  compatible wi th  t h i s  t r i a l  lander mission s ince  
the corresponding t o t a l  system mass of 2600 kg is g r e a t e r  than the  
Shutt le lTug launch capab i l i t y .  
b. T i t an  Approach Tra jec tory  - The same cons idera t ions  t h a t  
went i n t o  the s e l e c t i o n  of the approach t r a j e c t o r y  f o r  t he  probe 
mission a r e  a l s o  appl icable  f o r  s e l e c t i o n  of the  Lander approach t r a  jec- 
to ry ,  Since the lander  weighs ~ 3 0 0  kg, the idea of taking the  lander /  
spacec ra f t  combination i n t o  Saturn o r b i t  before s epa ra t ion  does no t  appear 
t o  be a  v i a b l e  option. Therefore the  lander is de f l ec t ed  from the  space- 
c r a f t  on the incoming t r a j ec to ry .  The de f l ec t ion  r ad ius  of 5 x 1 0 ~  h 
r e s u l t s  i n  a  coas t  time of 5 days. The d e f l e c t i o n  maneuver i s  performed 
i n  a  shared mode. The spacecraf t  w i t h  the lander  before  d e f l e c t i o n  is  
ta rge ted  t o  f l y  w i t h i n  1000 km of Ti tan .  This d i s t ance  i s  s e l ec t ed  t o  
minimize the requirements f o r  on-board lander propuls ion  while s t i l l  
prevent ing the  spacec ra f t  from impacting T i t an  ( for  quarant ine reasons)  
i n  the event  o f  a  spacec ra f t  d e f l e c t i o n  maneuver f a i l u r e .  The lander  
s o l i d  rocke t  d e f l e c t i o n  motor is ign i t ed  a f t e r  s epa ra t ion  from the space- 
c r a f t  and the  des i red  landing s i t e  i s  acquired. The d e f l e c t i o n  maneuver 
i s  designed t o  enhance the spacec ra f t  communication l i n k  both during 
descent  and a f t e r  touchdown. The spacecraf t  l ander  range a t  e n t r y  i s  
100,000 km. 
c.  Entry and Descent - The en t ry  po r t ion  of the lander  mission 
is  i d e n t i c a l  t o  t he  en t ry  po r t ion  of the probe mission. Entry angle, 
en t ry  ve loc i ty ,  peak "g 's" and maximum dynamic pressure  a r e  i l l u s t r a t e d  
below: . 
The key d i f fe rence  between probe e n t r y  and lander e n t r y  i s  the 
design of the s t ag ing  event. A parametric a n a l y s i s  of s t ag ing  a l t i t u d e  
ind ica ted  t h a t  2 km was a  good compromise between long descent times 
(high a l t i t u d e )  and la rge  touchdown v e l o c i t i e s  (low a l t i t u d e ) .  It should 
be noted however, t h a t  l a rge  v a r i a t i o n s  i n  descent  time (7.5 minutes t o  
85 minutes) do occur f o r  the extreme atmospheres. 
d. Navigation and Dispersions - The navigat ion e r r o r s  and 
assoc ia ted  d ispers ions  used i n  s i z i n g  the communications and e n t r y  sub- 
systems f o r  the lander  a r e  the same a s  those used for  the  probe t r i a l  
4 
Lander Entry Analysis Summary 
Entry Angle, deg -60 
Entry A 1  t i t u d e ,  km 5 94 
Entry B, s l u g s I f t 2  .5 
kg /m2 78 
F ina l  B s l u g s / f t 2  .035 
kg/m2 5.5 
Max Deceleration, g  ' s  11.3 
m i s s  ion design. 
Staging Al t i tude ,  km(chute deployed) 
Touchdown Ve loc  icy, m/sec 
Tota l  Mission Time, min 
r 
Thin Nominal Thick 
2 2 2 
23.7 3 2.2 
7.5 51 85 
2. Design 
a.  Configuration and Mechanical Subsystems - Figures B-18 
through B-20 depic t  the  o v e r a l l  conf igura t ion  and ex te rna l  and i n t e r n a l  
conf igura t ions  of the  t r i a l  design. A three-legged conf igura t ion  was 
s e l e c t e d  wi th  the l e g  assemblies being s imi l a r  t o  the Viking '75. I n  
order  t o  ensure landing s t a b i l i t y  t h e  r a d i a l  spacing of t he  footpads should 
be twice the  c.g. he ight .  For t he  t r i a l  mission design, extendable 
l egs  were se l ec t ed  t h a t  r eces s  i n t o  the  lander body f o r  stowing. The 
hexagonal lander  body (60 cm along a s ide )  provides an environmentally 
pro tec ted  compartment fo r  components r equ i r ing  s u r v i v a b i l i t y  on T i t a n ' s  
sur face  a s  we l l  a s  provis ions for  mounting sensors ,  antennas, a camera, 
t h r u s t e r s ,  and landing support  equipment whose funct ion is complete once 
landing has been accomplished. To minimize thermal s h o r t s  between the 
ins ide  and outs ide of the lander ,  pene t ra t ions  would be l imi ted  t o  a 
s i n g l e  e l e c t r i c a l  i n t e r f ace  poin t  and a sample acqu i s i t i on  d r i l l .  
The major lander thermal problem is  how t o  e f f e c t  s u f f i c i e n t  
thermal coupling t o  the  RTG waste h e a t  t o  survive a f t e r  landing and y e t  
not overheat during the c r u i s e  mode. A thermal switch could do the  job, 
a s  i l l u s t r a t e d  i n  Figure B-21, however i t  is not  a p a r t i c u l a r l y  l i g h t -  
weight device. Other opt ions include : v a r i a b l e  conductance h e a t  pipes,  
f l u i d  loops/pumps, and con t ro l l ed  hea t  "shorts" i n  the lander insu la t ion .  
The l a t t e r  device would r equ i r e  new technology development. 
Assuming the c r u i s e  phase RTG heat  r e j e c t i o n  can be accomplished, 
the t r i a l  lander design wi th  5 cm insu la t ion  (occupying 23% of lander  volume) 
would r equ i r e  390 wat t s  t o  maintain a 2 8 3 ' ~  (50'~) payload temperature 
on T i t a n ' s  sur face  with i n f i n i t e  coupling t o  atmosphere. This  i s  cons is ten t  
with a 35 wat t  ( e l e c t r i c a l  power) RTG, or 2 o f  the new 20 wat t  se len ide  
RTGs c u r r e n t l y  under development. 
Due t o  the r e l a t i v e l y  dense atmosphere, an 8 meter diameter 
parachute can be used t o  slow the  lander  t o  the  3 m / s  landing ve loc i ty .  
Thus the terminal  descent propulsion and a t t i t u d e  cont ro l  systems used 
Fig. B-18 Titan Lander - Trial Mission Configuration 
ATMOSPHERIC SENSOR ARRAY 
Direct Antenna (Stowed Position) 
EFLECTION MOTOR 
\ 
LANDER BODY/ 
EQUIPMENT COMPARTMENT 
Fig. B-19 Titan Lander - Outboard Prof i le  


for  Mars a r e  not  required.  I f  s i g n i f i c a n t  l a t e r a l  winds a r e  i d e n t i f i e d ,  
the parachute w i l l  have t o  be re leased  before  touchdown and a  small ,  
landing-propulsion sys tem and ACS w i l l  then have t o  be included. This 
chute  i s  deployed a t  2  km a l t i t u d e  by means of a  radar  a l t ime te r ,  the 
low a l t i t u d e  being se lec ted  t o  minimize the v a r i a t i o n  i n  descent  time 
due t o  unce r t a in t i e s  i n  atmospheric density.  
In  order t o  i n s t a l l  a l l  the components wi th in  the envelope of 
the capsule,  it was necessary t o  loca te  the r e l a y  antenna beneath the  
parachute c a n i s t e r  and t o  fo ld  and stow the  d i r e c t  l i n k  antenna. An 
est imate of the mass breakdown f o r  the t r i a l  mission lander is shown i n  
Table B-11.  
Three larger. s o l i d  propel lan t  motors would be used t o  d e f l e c t  
the lander  onto i ts  en t ry  t r a j e c t o r y  once it has l e f t  the bus, dV= 88 m / s .  
This "shared" de f l ec t ion  mode permits the  bus t o  m i s s  T i t an  even i f  the 
por t ion  of the de f l ec t ion  maneuver t o  be performed by the bus f a i l s  t o  
funct ion properly.  
Figures  B-22, B-23 and B-24 show the  lander capsule in tegra ted  
i n t o  Pioneer,  and Mariner spacecraf t .  These spacec ra f t  configurat ions a r e  
based on r e s u l t s  of s tud ie s  performed by TRW and JPL t o  modify the outer- 
p lane t  versions of these f lyby spacecraf t  i n t o  o r b i t e r  configurat ions,  
see References B-3 and B-4. The in t eg ra t ion  of the  lander  i n t o  the  vers ion  
of t he  Pioneer spacecraf t  proposed a s  an outer-planet  o r b i t e r  i n  Ref B-3  
r e su l t ed  i n  an unacceptably l a rge  value f o r  p i t ch - to - ro l l  a x i s  i n e r t i a  
r a t i o  p r io r  t o  boom deployment. This problem i s  r e l i eved  by modifying the 
conf igura t ion  shown i n  Figure B-22. Although not  a s  c r i t i c a l  f o r  the 
3-axis spacecraf t  designs, Figures  B-23 and B-24, the increased p i t c h  
i n e r t i a  caused by the a d d i t i o n  of the lander w i l l  r equ i r e  redesign of the  
ACS system and the  inc lus ion  of more propel lan t .  
I n  a l l  of the configurat ions,  the capsule is supported around the  
periphery of the ae roshe l l  f o r  a l l  but  launch loads. A separa te  support 
s t r u c t u r e  would be used t o  c a r r y  the launch loads and separa te  the  bio-  
Table B - l l  
T r i a l  Mission Lander Mass Propert ies  
SC IENCE 50.8 Kg 
ATMOSPHERIC SENSOR ARRAY 4.5 
CAME3A 7.3  
MASS S P E C / L I F E  DETECTION 29.9 
S A I P L E  ACQUISITION 9.1 
COMMUNICATIONS 28.3 Kg 
S -BAND RADIO ASSEMBLY 11.3 
S-BAND DIRECT ANT/DRIVES 11.3 
S-BAND COMlvPAND ANTENNA . 2  
UHF RADIO ASSEMBLY 4.5 
UHF RELAY ANTENMA 1.0 
POWER 
BATTERY ASSEMBLY 
POWER DISTRIBUTION 
RTG (2-20 WATT) 
DATA HANDLING 10.0 Kg 
DATA ACQUIS I T  ION 5.5 
MEMORY AND/OR RECORDER 4.5 
GUIDANCE AND CONTROLS 5.4 Kg 
c OMPUTER /SEQUENC ER 1.4 
PYRO CONTROL A S S E N B U  4.0 
STRUCTURE 
BASEC OVER 13.6 
AEROSHELL, H/S 45.4 
LANDER BODY /BOTTOM PLATE 46.0 
PARACHUTE & MORTAR 13.2 Kg 
DEORB I T  PROPULSION 15.0  Kg 
THERMAL CONTROZ 
INSULATION 
HEATEXS 
PA IXT 
B IOSHLELD 
SUB TOTAL 279.0 Kg 
TOTAL 



s h i e l d  base. This s t r u c t u r e  is j e t t i soned  wi th  t h e  kick s t age  adapter .  
Upon lander  capsule  s epa ra t ion  from the  spacec ra f t ,  s p i n  t h r u s t e r s  a r e  
f i r e d  t o  provide capsule  s t a b i l i t y  u n t i l  e n t r y  is  accomplished. These 
t h r u s t e r s  a r e  mounted on the basecover a s  shown e a r l i e r  i n  Figure B-18. 
The b iosh ie ld  cap remains wi th  the  o r b i t i n g  spacecraf t .  
Mechanisms & Separa t ion  Deyices - The t r i a l  mission lander 
r equ i r e s  the mechanisms and sepa ra t ion  devices l i s t e d  below. O f  these, 
the subsurface d r i l l  and poss ib ly  the  antenna deployment a r e  a r eas  t h a t  
would r e q u i r e  new technology development. 
Lander Mechan.ica1 Operation Requirements 
o Deploy the landing l e g  assemblies f o r  touchdown 
o Acquire a  sur face  or subsurface sample (possibly a  
d r i l l  based on the  Apollo d r i l l )  
o  Unfurl and e r e c t  t he  d i r e c t  l i n k  antenna 
o Deploy the  atmospheric sensor a r r ay  
Devices would be requi red  t o  accomplish t he  following 
sepa ra t ions  : 
o Bioshield base from cap 
o Lander capsule  from bioshie ld  cap /o rb i t e r  
o  Aeroshe l l lhea t  s h i e l d  from landerlbasecover 
o Basecover/parachute c a n i s t e r  from lander  
b. Communications and Power - Sof t  Lander Design 
Lander Communications - The lander mission u t i l i z e s  two 
l i n k s  t o  communicate te lemetry data  t o  Earth. The o r b i t e r  provides a 
UHF r e l a y  l i n k  with the lander during i n i t i a l  touchdown and a t  s e l ec t ed  
days a s  d i c t a t e d  by the r o t a t i o n a l  per iod of Ti tan.  The o r b i t e r  is i n  
a  highly e c c e n t r i c  o r b i t  with a  per iod of 112 t o  144 days around Saturn 
and encounters Ti tan .  Af t e r  touchdown, the o r b i t e r  i s  overhead from 1 t o  
2.7 h r s  and only 2W of RF power a r e  required a t  400 MHz f o r  a  da t a  r a t e  of 
128 bps, due t o  t he  c lose  range(70000 km). A t  E+2 days, t h e  o r b i t e r  i s  a-  
ga in  above the  l o c a l  horizon and remains f o r  10 days but t h e  range i s  rap- 
idly. increas ing  t o  2.5 Mkm. The usefu lness  of t h e  r e l ay  l i n k  t o  t h e  o r b i t e r  
r ap id ly  diminishes a f t e r  per iaps is .  A t  apoapsis,  the lander  i s  aga in  
i n  view with a  range of 9 Mkm. The r e l a y  l i n k  i s  based on technology 
developed by NASA/ARC fo r  Outer P lane t  Probes. FSK modulation is con- 
vo lu t iona l ly  coded on the  400 MHz l ink .  RF power up t o  40 W is  a v a i l -  
ab le  wi th  a  s o l i d - s t a t e  t r ansmi t t e r .  The lander  r e l a y  antenna is a  
compact mic ros t r ip  d i s k  antenna 14 in. i n  diameter and 0.5 in.  thick.  
A d i r e c t  RF l i n k  t o  Earth i s  a l s o  poss ib le  when Ear th  i s  
i n  view which i s  approximately 4 days of each 16-day period. Transmission 
cannot occur when the Earth and Saturn a r e  i n  superior  conjunction. 
Transmissions can occur; however, when the sun is behind Earth a s  viewed 
from Titan. The long communication range t o  Earth of 10 A.U. limits the 
data  r a t e  a t  S-band fo r  reasonable (<50 W) t r ansmi t t e r  power l eve l s .  
The lander  b a t t e r y  a l s o  cannot support higher  power l e v e l s  fo r  a  
long period of time (>2 hours) .  
An ana lys is  was performed f o r  the  d i r e c t  l i n k  wi th  an  
a r b i t r a r y  RF power l e v e l  of 40 W a t  S-band using the  DSN wi th  PSK modula- 
t i o n  and bLock coding. Two periods of 2 hours each, on two consecut ive 
days a r e  requi red  t o  t ransmi t  1.2 Mbits of da ta  a t  88 bps s to red  on the  
lander tape recorder .  This includes one p i c tu re ,  a  ~ C M ~ / b i o l o g y  sample, 
s i x  mass spectrometer runs,  s i x  atmosphere sensor runs, and lander  engineer- 
ing and housekeeping data .  The S-band performance is shown i n  Table B-12. 
The l i n k  r e l i e s  on a high ga in  lander antenna. A deployed and automatic- 
a l l y  cont ro l led  parbol ic  d i s h  wi th  a  0.76 m (30 in.) diameter and 
c i r c u l a r  po la r i za t ion  is employed on the lander.  The antenna con t ro l  
system opt ions a r e  descr ibed elsewhere. The antenna i s  a  f l e x - r i b  
design t h a t  occupies a small  volume when stowed and i s  s e l f - e r e c t i n g  
a f t e r  r e l ea se .  
Ref lec tor  curvature tolerances a r e  not  c r i t i c a l  fo r  t h i s  
s i z e  of d i s h  and the beamwidth is  0.2 r ad  (12 deg) a t  S-band. A low 
gain,  omni antenna i s  a l s o  employed on the lander fo r  r ecep t ion  of low 
r a t e  (8.3 bps) commands from Ear th  f o r  lander  cont ro l .  40 W a t  S-band 
-- -- -- 
Table B-12 DSN Direct Data Link Frequency Comparison 1 
PTJ!~I:'l' r\T>:OS1'111:I:lC - DI;L'OCUS ING 1,OSSES (DB) 
PC)lArl IZA'IIION 1,OSS ( I l l \ )  
E:2'LTI PI\'I'II & OTIIEI: 1,OSSKS (DU) 
1:l:CEl 'v'XSG AN'J'CNrJtI CA IK ((IN)) 
HIIC:IIVIC(: cIl:r:rllT T.O:;S (DD) 
E:l;'S LOSS (111;) (2.1 3 t 1+*tSt 6 t7-i-8-kg) 
TU'I'AL HI:C;: I VICD P0KI:R (l)l!:J) (1 t10) 
DATA ClLlN:%!EL 
DATA PO\$ER/TO?'I\L, (DIl) 
Al)DI Tl0l;AL I)A l'h CIlAI1NI~1, I,OSSET, (1113) 
DATA BIT RATE - BPS (DB) 
3. RF power and both antenna s i z e s  remain f ixed .  
4. Transmit antenna b e a m i d t h  is  3.2 deg, a t  S-band and 3.4 deg.at  X-band. 
is within the s t a t e -o f - the -a r t  f o r  space q u a l i f i e d  t ransmit ters .  
Di rec t  Link opera t ion  a t  X-band was a l s o  inves t iga ted  t o  
eva lua te  the da t a  r a t e  advantage of the higher frequency. The DSN w i l l  
have X-band recept ion  operable f o r  the MJS '77 spacecraf t ,  using a  new 
feed on the 64 m antenna. Performance a t  X-band is a l s o  depicted i n  
Table 3-12 i n  order  t o  show the comparative advantage over S-band. A s  
shown, for the same amount of RF power t ransmit ted and same s i z e  antenna 
dish,  the  improvement i n  da ta  r a t e  is renfold (10 dB). Any f u r t h e r  
weight savings by reducing the s i z e  of the lander antenna would reduce 
the advantage of the  higher frequency. The increase i n  space l o s s  is 
o f f s e t  by the increase  i n  gain of the DSN. The system noise temperature 
a t  X-band and t h e  s u s c e p t i b i l i t y  t o  adverse weather i s  a l s o  s l i g h t l y  
g rea t e r .  The major advantage is i n  t h e  increase  gain of t h e  Lander t r ans -  
mf t t ing  antenna f o r  the  s a m  d i s h  s i z e  a t  t h e  higher  frequency. 
Data r a t e s  could a l s o  hypo the t i ca l ly  be improved by another 
f ac to r  of t e n  by going t o  30 GHz (Ka -band). A t  this frequency a 76 cm 
lander d i s h  antenna has a  gain of 45 dB with a beamwidth of only 0.92 deg. 
Now antenna poin t ing  becomes a major problem and the data  r a t e  advantage 
of t h i s  frequency could e a s i l y  be o f f s e t  by the added complexity of the 
antenna t racking  system. 3PL has no f m e d i a t e  program plans t o  implement: 
K-band recept ion  on the DSN but  i t  could be poss ib le  by 1985. T h i s  
exerc ise  i n  data  r a t e  improvement shows what r a t e s  could possibly be achieved 
f o r  a nominal power l e v e l  and lander antenna s i z e .  The T i t an  Lander 
wou.ld b e n e f i t  from increased r a t e s  of sc ience  data r e tu rn ,  since ... t h e  
S-band l l n k  with 40 W has a da ta  r a t e  t h a t  only marginally supports the 
base l ine  science objec t ives .  
To c a r r y  the da ta  r a t e  improvement one s t e p  fu r the r ,  Figure 
B-25 dep ic t s  data r a t e  versus operat ing frequency f o r  two lander antenna 
d i sh  s i z e s  and shows the  r e l a t i onsh ips  o f  t h e  primary va r i ab l e s  f o r  40 
W of RF power, As mentioned previously, the p r a c t i c a l i t y  of such a  l a rge  
Operating Frequency, GHz 
Fig. B-25 Titan Lander Direct RF Data Link to Earth 
antenna above 10 GHz is doubtful ,  due t o  the  small  beamwidth and a t t e n -  
dant  po in t ing  problem. 
Cha rac t e r i s t i c s  and operat ing sequences f o r  the Lander 
sc ience  a r e  shown i n  Table B-13. Biology and image experiments a r e  not  
performed simultaneously and a  t y p i c a l  opera t ing  day (24-hour per iod)  
c o n s i s t s  of the  MS and atmosphere sensor A S  scans s i x  times a  day. A 
tape recorder  on the  lander s t o r e s  t he  encoded d i g i t a l  data  u n t i l  t rans-  
mission t o  Earth v i a  the d i r e c t  o r  r e l a y  RF l i n k s ,  depending on Ear th  
viewing, Recorder capac i ty  is 2 mi l l i on  b i t s  t o  accommodate the seve ra l  
days when ne i the r  Earth or  the  o r b i t e r  is wi th in  view of the lander.  
The sur face  sampler provides the sample ma te r i a l  fo r  the 
GCMS and operates  once each biology cycle.  GCMS sampling then would be 
requi red  f o r  15-20 consecutive days t o  complete the sample cyc le  wi th  
d a i l y  sample monitoring a t  a  low data  r a t e ,  The t o t a l  GCMS data output  
is 100,000 b i t s .  
Lander engineering funct ions a r e  monitored d a i l y  a t  a  low 
r a t e  and a r e  s to red  on the tape along with the  science PCM encoded s e r i a l  
b i t  stream. The engineering data  a r e  t ransmi t ted  t o  Ear th  on a separa te  
subca r r i e r  and may or  may not be t ransmit ted simultaneously wi th  the  
science subca r r i e r ,  depending on the  RF l i n k  margin during the  t r ans -  
mission. 
Lander Power Subsystem - Power i s  requi red  f o r  the lander 
sc ience  and engineering subsystems while on the T i t an  surface.  Power is  
a l s o  requi red  during the  coas t  phase t o  opera te  a  5-day clock. The 
mission t imeline meets the  sc ience  requirements and provides s u f f i c i e n t  
time t o  t ransmit  the  data .  Considerable v a r i a t i o n  i n  the  t imeline is 
poss ib le .  The power and energy requirements a r e  shown i n  Table B-14. 
Note t h a t  e i t h e r  the  S-band d i r e c t  RF l i n k  o r  t h e  UHF r e l a y  l i n k  is used, 
but  no t  simultaneously. 
The lander  power d i s t r i b u t i o n  system is shown i n  Figure B-26. 
A t y p i c a l  t imel ine  sequence r equ i r e s  40 W from the RTG's and a  615 W-hr 
Table B-13 Titan Lander Science Data Sequence 
Scan Time DatalCycle 
Abbreviation -. Science -- -.- Equipment - - Use (min)  ikbits) 
M S  Mass Spectrometer 6 scanslday 15 2 
AS Atmosphere S en sor 6 scanslday 15 2 
GCMS GCMS Biology 3 cycleslmission 180 100 
SS Surface San~pl'er 3 cycleslmission 20 8 
C l magi ng 20 pict ureslmission 15 ?' 
1 ,000 
OI 
0 
Data Format .. Science On Total Bits Days Used Note 
1 AS, MS 24K Others Typical Day 
2 GCMS, S S P  132K 3 Biology Exp. Day 
AS, MS 
3 C ,  M S ,  AS 1 . 0 2 4 ~ 1 0 ~  20 Camera Day 
Table B-14 Titan Trial Mission Lander Power and Energy Requirements 
Coast Phase 
Power, Time per Sample 
W or -- . Activity, . - m i  .-- n 
5-day Clock 
Deceleration Switch 
Landed Phase 
Science: 
GCMSlLife Detection 
W 
Standby 
1 
m 
w 
MS Scan 
GCMS Mode 
Atmospheric Sensor Array 
Camera 
Surface Sampler 
Data Ma nageme nt 
Transmitter, S-Band 
Transmitter, UHF 
Ord na nce Relays 
Attitude Reference 
Antenna, Deploy & Track 
0.001 5 days 
0.2 120.0 
"Note: - Timeline includes a 2-h r transmission directly to Earth 
every 24 hr. Science acquisition and data storage are 
carried out dur ing remaining 22-hr period. 

rechargeable nickel-cadmium ba t t e ry .  This provides s u f f i c i e n t  power 
f o r  a 2-hr da ta  t ransmission d i r e c t l y  t o  Ear th  over t he  S-band l i n k  t o  
the  DSN every 24 hours and sc ience  data a c q u i s i t i o n  and s torage  during 
the  remaining 22 hours. 
Upon impact, the  high ga in  S-band-antenna is deployed and 
d i r ec t ed  t o  the  Ear th  l i n e  of s igh t .  Thereaf te r ,  the antenna is 
repos i t ioned  and slewed a s  requi red  during the  2-hr da t a  t ransmission 
period. When the o r b i t e r  i s  w i th in  view and a t  a favorable  range, data  
a r e  a l s o  re layed  t o  it on the  UHF l i n k  as a redundant mode. 
The spacecraf t  provides t he  i n i t i a l  b a t t e r y  charge p r i o r  
t o  lander separat ion.  Per iodic  recharging a f t e r  impact occurs from 
the RTG's a s  required.  The power system provides unregulated, 28 V 
power t o  the loads and a Power Control Unit con t ro l s  b a t t e r y  charging 
and power d i s t r i b u t i o n .  Time shar ing  is a l s o  u t i l i z e d  t o  minimize peak 
loads and t o t a l  energy requirements. 
Long s torage  Li fe  i n  a remotely ac t iva t ed  b a t t e r y  is achieved 
by holding the e l e c t r o l y t e  i n  reserve  from the  p l a t e s  u n t i l  power is 
needed. S t i l l  some capac i ty  w i l l  be l o s t  by s t e r i l i z a t i o n  because of the  
uns tab le  nature of the s i l v e r  oxides making up the p o s i t i v e  p l a t e s .  
There a r e  many complex oxide l e v e l s  i n  a s i l v e r  oxide p l a t e .  The primary 
composition cons i s  ts of two higher oxides,  Ago and Ag202, and a monoxide 
l e v e l  of Ag20. I n  a f u l l y  charged p l a t e  approximately 70 percent  of the 
ava i l ab l e  capac i ty  i s  obtained a t  the monoxide l e v e l  and the  remainder 
i n  the higher oxide or  peroxide l eve l s .  The higher oxides a r e  r e l a t i v e l y  
uns tab le  and chemical decomposition i n t o  gaseous oxygen and Ag20 occurs 
a t  a r a t e  dependent on temperature, humidity, and r e s i d u a l  e l e c t r o l y t e .  
The more s t a b l e  monoxide a l s o  decomposes but  a t  an extremely low r a t e  
and over many years .  I n  our previous inves t iga t ions  we have not  
discovered any programs car ry ing  out  s t e r i l i z a t i o n  of reserve  b a t t e r i e s ,  
Despite l ack  of t e s t  da t a ,  most b a t t e r y  a u t h o r i t i e s  f e e l  t h a t  the l o s s  
due t o  s t e r i l i z a t i o n  can be expected t o  be about 25 percent ,  a s  seen i n  
Figure B-27. E a r l i e r  s t e r i l i z a t i o n  c r i t e r i a  s p e c i f i e d  a temperature of 
1 1 0 ~ ~ ;  however, recent  f indings of "hardy" organisms on Viking components 
have ind ica ted  t h a t  a s t e r i l i z a t i o n  temperature of 1200C may be required.  
D. IMPACT Ck TRIAL MISSION DESIGNS AND SCIENCE ACCOMPLISEIMENT OF 
UNCERTAINTIES IN TITAN'S ATMOSPHERE AND SURFACE CONDITIONS 
The v a r i a t i o n s  i n  touchdown v e l o c i t y  and descent  time f o r  probes, 
pene t ra tors ,  and landers  encountering the  var ious  atmosphere models a r e  
summarized i n  Table B-15. Designing these  vehic les  t o  perform s a t i s f a c t o r i l y  
regard less  of the atmosphere encountered r e s u l t s  i n  s i g n i f i c a n t  
design p e n a l t i e s  and reduced s c i e n t i f i c  payloads. 
Entry Probe - I n  the case of the atmospheric e n t r y  probe, t he  main 
problem is  i n  deal ing wi th  the t h i n  model atmosphere; i .e . ,  the descent  
would be too  r ap id  (6  minutes t o t a l )  t o  obta in  and process even a s i n g l e  
gis  chromatograph sample, and te lemetry data  r a t e s  would exceed t ransmission 
capab i l i t y .  One s o l u t i o n  t o  t h i s  problem would be t o  equip the probe with 
an a u x i l i a r y  parachute t o  be deployed i f  a thinner  than nominal atmosphere 
is encountered. Figure B-28 shows the growth required i n  the nominal 
probe design t o  incorporate  the  8 meter diameter parachute t h a t  would be 
required.  Mass increase t o  account f o r  afterbody s tag ing ,  chute  deployment, 
and chute mass i s  estimated a t  20 t o  30%. Also, some means would be 
requi red  f o r  determining whether, and when, t o  deploy the chute;  e.g., 
an onboard system capable of c a l c u l a t i n g  the  dens i ty  p r o f i l e  from e n t r y  
accelerometer data  or from rada r  a l t i m e t e r  and pressure/temperature data .  
The ex is tence  of a heavy atmosphere model a l s o  degrades the  probe 
mission performance. It requ i r e s  the phasing between the  bus f lyby and 
the probe e n t r y  t o  be biased such t h a t  the  longer descent time (74 min) 
does not  r e s u l t  i n  t he  r e l a y  communication spacec ra f t  having gone over 
the horizon before  the  probe reaches the  surface.  This,  however, i s  no t  
a s  severe a problem as  is  the too-rapid descent i n  the t h i n  atmosphere. 
A somewhat higher  aerodynamic hea t ing  r a t e  i s  caused during t h e  more 
r ap id  dens i ty  buildup (lower s c a l e  he ight )  of the t h i c k  atmosphere model 
bu t  the e f f e c t  on t o t a l  probe mass is l e s s  than 5%. 

Table B-15 Variations i n  Entry and Descent Parameters with Variations i n  the Model Atmospheres 
Max Deceleration, q 
Staging Altitude, krn 
Touchdown Velocity, mlsec 
THN = Thin Atmosphere 
NOM = Nominal Atmosphere. 
THK = Thick Atmosphere 

Pene t r a t o r  M i s s  ions - The pene t r a  t o r  is more s e n s i t i v e  t o  atmospheric 
unce r t a in t i e s  than is the e n t r y  probe s ince  i t  must a l s o  dea l  wi th  a  wide 
range of uncer ta in ty  i n  the  p e n e t r a b i l i t y  of the sur face  mater ia l .  The 
spread i n  impact v e l o c i t y  a s  seen i n  Figure B-29 v a r i e s  from 100 m / s  i n  
the t h i c k  model atmosphere t o  over 300 m / s  f o r  the Thin model. This 
compares t o  a  much narrower v e l o c i t y  spread f o r  the Mars pene t ra tor ,  
140 m/s t o  160 m / s  (see Reference B-2). The disadvantages of t he  wide 
spread i n  the T i t an  case  stem from the  f a c t  t h a t  obtaining a  masslarea 
r a t i o  f o r  the  penet ra tor  l a rge  enough t h a t  the  lowest impact v e l o c i t y  w i l l  
produce an acceptable  pene t ra t ion  depth (one meter) requi res  e i t h e r  a  much 
smaller c ros s  s e c t i o n a l  area than is p r a c t i c a l ,  or  a  much g rea t e r  mass 
than i s  des i rab le .  Even i f  these  p e n a l t i e s  a r e  t o l e ra t ed ,  the upper s i d e  
of the  v e l o c i t y  spread r e s u l t s  i n  supersonic impacts and correspondingly 
high g l e v e l s  unless  an  a u x i l i a r y  drag device i s  c a r r i e d  with appropriate  
sensing systems t o  determine when t o  deploy it. 
An at tempt  t o  narrow the T i t an  impact-velocity spread by s e l e c t i n g  a  
d i f f e r e n t  predetermined pressure f o r  en t ry  cy l inder  s tag ing  r evea l s  t h a t  
t h i s  can only be accomplished i f  t he  two extreme models a r e  considered, 
b u t  t h a t  denis ty  models between the extremes w i l l  r e s u l t  i n  pene t ra tor  
impact v e l o c i t i e s  t h a t  exceed the  Thin model impact ve loc i ty .  This is 
due t o  the penet ra tor  reaching a  g r e a t e r  f r a c t i o n  of i t s  terminal  v e l o c i t y  
a t  impact i n  those cases  s ince  s t ag ing  w i l l  occur a t  higher a l t i t u d e s .  
Se lec t ing  the  appropriate  a l t i t u d e  f o r  s tag ing  the  en t ry  cy l inder  t o  
achieve the des i red  impact ve loc i ty  r equ i r e s  an on-board, r e a l  time sys  tern 
f o r  determining the atmospheric dens i ty  p r o f i l e  t h a t  e x i s t s .  
Landers - Similar  problems e x i s t  with landers .  One way of dea l ing  
with the higher touchdown v e l o c i t y  experienced by a  lander t h a t  encounters 
a Thin model atmosphere, 24 m / s  v s  3 m / s  nominal is  t o  increase  the  
s t roke  of t he  landing gear.  However, f o r  a  given g l e v e l  the s t roke  
r equ i r ed i s  propor t iona l  t o  the v e l o c i t y  squared and thus even wi th  a  
major redes ign  of t he  landing gear,  much higher g l e v e l s  would have t o  

be to l e ra t ed .  A l t e rna t ive ly ,  a s  i n  t h e  case of the e n t r y  probes and 
penet ra tors ,  a n  a u x i l i a r y  parachute could be c a r r i e d  o r  the  bas i c  chute  
could be made la rger .  I n  the case of the th innes t  dens i ty  model 
atmosphere, which a t  the  sur face  is s i m i l a r  t o  t h e  very tenuous atmo- 
sphere found on Mars, it might be necessary t o  add a terminal  propulsion 
system s i m i l a r  t o  t h a t  used on the Viking '75 lander ,  s ee  Figure B-30, and 
compare with Fig. B-19. Such a system would be requi red  i n  any case  i f  
winds tu rn  out t o  be an appreciable  f r a c t i o n  of t he  l ande r ' s  s ink  speed 
( in  order  t h a t  the  chute can be j e t t i soned  t o  avoid high incidence angles  
and t ipover  problems a t  touchdown). The a d d i t i o n a l  mass requi red  f o r  such 
a landing propulsion system, exclusive of p rope l l an t ,  i s  shown i n  Table B-16. 
I n  add i t i on  t o  inducing a requirement f o r  g r e a t e r  system masses which 
means l e s s  mass ava i l ab l e  f o r  science,  the  atmospheric u n c e r t a i n t i e s  
degrade the  achievement of sc ience  objec t ives  s i n c e  wi th  conventional 
techniques instrument s e t t i n g s  have t o  be prees tab l i shed  t o  cover the  
range of poss ib le  condit ions and accuracy i s  thereby s a c r i f i c e d .  
Consequently, adaptive designs a r e  des i r ab l e  f o r  sc ience  instruments 
and data  processing systems a s  we l l  a s  fo r  engineering systems i n  order  
t o  preclude having t o  conduct a long s e r i e s  of s equen t i a l  missions. Ideas 
f o r  such techniques a r e  discussed i n  Chapter 111. 
Table B-16 
Thin Model Atmosphere Lander Dry-Mass Breakdown 
BASELINE LANDER 337.3 Kg 
PROPULS ION SYSTEM 
PROPELLANT TANKS (2) 
LATERAL ENGINES (6) 
LINES 
COMPONENTS 
TERMINAL DESCENT (3) 
GUIDANCE & CONTROLS 
PROCESSOR & SET 
IMU 
VALVE DRIVE AMPLIFIER 
LANDING RADAR 
TOTAL 
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